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The present study was undertaken by using three 
different chemical mutagens viz., ethylmethane sulplionate (EMS), 
Sodium azide (SA) and hydrazine hydrate (HZ) on mungbean {Vigna 
radiata (L.) wilczek). The chief objective of this study was to explore 
the possibility of inducing genetic variability for eight quantitative 
characters in the two varieties namely, Asha and K-851 of mungbean. 
Various other aspects of this current study were: (1) biological 
damage in Mj generation; (2) meiotic studies; (3) effectiveness and 
efficiency of the mutagens; (4) chlorophyll and morphological 
mutation frequency and spectrum (5) estimation of mean and genetic 
parameters in M^ and M^  generations and (6) total seed protein content 
of high yielding mutants isolated in M3 generation. 
Biological damage in Mj generation increases as the 
seed germination, seedling height and pollen fertility decreases with 
the increase in concentrations of the mutagens doses. Chromosomal 
aberration like univalents ,trivalents, multivalents, bridges laggards 
and micronuclei are induced by mutagenic treatments. In Mj generation 
of both the varieties of mungbean, there is a dose dependency in the 
frequency of different types of meiotic abnormalities,is exhibited by 
both the mungbean varieties. 
Morphological investigation of Mj plants exhibit 
anomalies occur in cotyledonary and vegetative leaves; and their 
frequency was greater at the higher concentrations of mutagens in 
both the varieties. In general, SA treatments failed to produce anomaly 
in the cotyledonary and vegetative leaves in both the varieties. 
A wide spectrmn of chlorophyll mutants was obtained 
in Mj generation. The frequency of chlorophyll mutations was dose 
dependent and increased with the mutagen concentrations. EMS 
treatments induced the highest frequency of chlorophyll mutations. 
This was followed by HZ and SA in both the varieties. 
The mutagenic effectiveness as measured by the 
percentage of mutated plant progenies divided by the unit dose of 
the mutagen was higher at lower doses of the mutagens. HZ was 
found to be most effective and the order of the mutagens based 
upon effectiveness was HZ > SA > EMS.The mutagenic efficiency 
worked out on the basis of seedling injury (Mp/I), pollen sterility 
(Mp/S) and meiotic abnormalities (Mp/Me), showed a declining trend 
with the increasing concentrations of mutagens. The EMS treatments 
were found to be more efficient in comparison to the others mutagens 
(SA and HZ) in both the varieties . 
A broad range of morphological mutants, exhibiting 
altered morphological features, were identified in M^ populations. 
The highest frequency was noted in the EMS treated population and 
lowest with SA, while HZ treatments were intermediate. Compared 
to var. Asha the range of such mutants was highest in the var. K-851. 
Morphological mutants, showed a negative selection value. However, 
a few of them can be improved through selection by eliminating some 
of the undesirable characters. 
The genetic variability induced by three chemical 
mutagens for eight quantitative characters was studied in each 
generation. The quantitative parameters studied were, days to 
flowering, plant height (cm), days to maturity, number of fertile 
branches, number of pods per plant, seeds per pod, 100 seed weight 
(g) and total plant yield (g). Means for all the eight quantitative 
characters in Mj generation remained unchanged in the treated 
populations. The coefficient of variation (CV) differed from character 
to character and high CV over control was recorded for fertile 
branches per plant (55.28 %) and pods per plant (46.88 %). The 
mean number of fertile branches, number of pods, seeds per pod, 
100 seed weight (g) and total yield of the plant increased in all the 
mutagenic treatments with few exceptions. The exceptions occurred 
in M^ generation, whereas Mj generation showed a complete positive 
shift. 
The genotypic coefficient of variation, heritability 
(broad-sense) and the genetic advance (as percentage of mean) 
increased in the treated populations. The genetic parameters were 
dose independent and varied from trait to trait in M^ and M3 
generations. High heritability estimates coupled with high genetic 
advance occurred for yield and yield components. Estimates of 
heritability and genetic advance suggest that the induced polygenic 
variability can be utilized in plant improvement programmes. 
Certain mutants, much superior to the others in their 
performance for seed yield per plant, were evaluated in order to find 
out their selection response in M^ generation. Increase in the mean 
values of yield and yield components was noticed. Estimates of the 
genetic parameters for yield and yield components were also recorded 
to be higher, suggesting the scope for further selection. 
The M3 seeds of high yielding mutants were also 
analysed for total seed protein content. Various mutants isolated from 
the two varieties of the mungbean have exibited considerable range 
of variation in their toatal seed protein content. The increase in the 
mean protein content in some treatments and decrease in others 
suggest that mutants with positive and negative effects were induced 
in different proportions with various treatments. 
At the end it can be concluded from the present study, 
that the lower concentrations of the mutagens are more effective and 
efficient in inducing polygenic variability in the two varieties of 
mungbean than the higher doses; the latter induced high genetic 
damage via genotoxicity and lethality. 
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Chapter-1 
Grain legumes, commonly known as pulses, 
constitute a group of crops belonging to the family 
Leguminosae (alternate name, Fabaceae). Pulses constitute 
a major part of the human diet of nearly all sections of 
peoples because of their most vital role being either that of 
supplying most of the proteins or in balancing the deficiencies 
of cereal proteins. Pulses being rich source of proteins (17 
to 25 per cent) form an important component in the Indian 
diet where most of the population is vegetarian. 
Punjab and Haryana which have had the best 
record in food grain production are now facing serious soil 
health problems and productivity of the soil has now started 
to decline. The underground water level in most of the parts 
of the country (India) has gone down significantly causing 
irrigational and other ecological problems affecting adversely 
the food grain production. 
The problem of malnutrition associated with the 
protein gap is closely related to the shortage of production 
of pulses. If the pulse production and the supply is increased 
and they are made available to the people, the problem of 
malnutrition can be solved to a greater extent. 
1.1. Economic Importance 
Legumes are next to cereals as a source of food. 
They constitute an important part of people's diet. The beans, 
peas, soybeans etc. are the sources of high protein rich seeds. 
These vegetables proteins are very much essential for 
balancing the carbohydrates rich cereals. 
Pulses grow easily and mature rapidly. They are 
highly nutritious. They supply not only proteins, but also 
carbohydrates, fats, vitamins and some minerals. The root of 
these plants possesses nodules which contain nitrogen 
fixing bacteria. These bacteria fix atmospheric nitrogen and 
thereby enhance the fertility of the soil. Mungbean 
var. T-44 is used as grain manuring pulse (Pathak and Singh, 
1963), the poor man's meat, are used by the young and old, 
the ailing and healthy persons and cooked in a variety of ways, 
as good as salads. Mung is also used as green manure. 
Dried and green stalk and leaves of mungbean 
are commonly and extensively used as fodder for cattle. Green 
pods are consumed basically as a vegetable. Mungbean is also 
eaten as in sprouts condition. It is also recommended as 
medicinal diet in case of flatulence and to the sick people. 
It is rich in vitamins B and is degraded as a remedy for 
beri-beri. Nutritional composition of Mungbean is given in 
Table-1. 
1.2. Botanical description 
Mungbean {Vigna radiata (L.) wilczek) belongs 
to the family Leguminosae (Sub-family Papilionaceae). 
The plant has tap root, provided with nodules, stem is erect or 
suberect, furrowed, branched and green. Leaves are trifoliate, 
ovate with large petiole. Inflorescence is axillary raceme. Flowers 
are bisexual with papilionaceous corolla, 10 stamens in two 
groups [(9)+l], monocarpellary, unilocular and superior ovary. 
Immature pods are green, mature pods have either grey or brownish 
colour and become round. Seeds are globular, green but sometimes 
marbled with yellow brown, purple brown, or black; helium 
is white, round and more or less flat. Germination is epigeal; 
cotyledons are dirty yellow. 
1.3. Distribution and cultivation area 
Mungbean is one of the important pulse crop which 
is grown widely in several parts of India. Its cultivation in 
Africa is most recent. Mungbean is widely cultivated with a 
mixture of crops such as maize, sorghum, cotton, pigeon pea etc. 
Mungbean is also cultivated in Pakistan, Sri Lanka, Philippines, 
Taiwan, Nepal, Vietnam and Indonesia. Swaminathan et al. 
(1970) reported that mungbean occupy a large part of the area 
(2.4 million hectares) cultivation in our country, but its 
productivity is very low (450 Kg/hect.). The low productivity 
is mainly due to unirrigated area and highly succeptible to pests 
and diseases such as yellow mosaic virus and powdery mildew. 
In India a variety of pulse crops are grown of 
which the adaptability of mungbean to adverse conditions gives 
it a paramount place in arid and semi-arid tropics. During the 
past few years intensive research work has been initiated not 
only to improve yield but also quality of mungbean. The breeding 
methodology applied to mungbean has been purely conventional. 
Mungbean which ranks third to gram and 
redgram, is important pulse crop in Southeast Asia and the 
Indian sub-continent. It is recognized as a valuable pulse of 
India, cultivated round about 3.04 million hectares and 
contributes 12-13 per cent of the total pulse production of 
the country. Area, production and yield of mungbean is given 
in Table-2. 
Mungbean is grown in almost all the states of 
India and is cultivated mainly as a kharif (summer season) 
crop. It is also grown as a rabi (rainy season) crop in southern 
parts of India, where winter is fairly mild. Mungbean is a 
crop which is grown on different kinds of soils, ranging from 
red-laterite soils of south India to black cotton soil of Madhya 
Pradesh and sandy soils of Rajasthan. 
1.4. Pulse crop production 
The production of pulses has not shown a marked 
rise over the past few decades. Their output lags woefully 
behind the increasing demand consequent to growth both in 
population and per capita income. The share of pulses in 
total food grain production which was 16.55 per cent 
during 1950-51 came down to 7.87 per cent during 1995-96 
resulting thereby in a substantial decline in consumption of 
pulses in the diet of countrymen (Lai and Prakash, 1996). 
The annual production of pulses has fluctuated 
in the range of 12-15 million tonnes with a high mark of 
15 million tonnes having been achieved in 1995-96. Yield 
of pulses is generally low due to adaptation and cultivation 
of traditional varieties. Several high yielding, early maturing, 
diseases and pest-resistant varieties of pulses have been 
developed but they could not be adopted due to lack of 
awareness to farmers or the non-availability of seeds. Production 
of pulses and total food grains in India is given in Table-3. 
1.5. Genetic Variability 
Mungbean is a self-pollinated crop, mutation breeding 
is an important source of creating genetic variability. Hence, in 
general, induced mutation provided a modern and fruitful tool 
in crop plants for creating genetic variability (Swaminathan, 
1969; Gottschalk, 1972; Blixt and Gottschalk, 1975; Khan, 
1988). 
Success of plant breeding including chemo-
mutagenesis is directly dependent on the genetic variability in the 
source population. The major break-through in plant breeding was 
made when man realized that main source of genetic variability 
were 'gene mutation' and recombination. 
Today, other sources of genetic variability are at our 
disposal i.e, direct gene manipulation or gene transfer by the 
use of recombinant DNA techniques and somaclonal variation using 
tissue culture techniques. 
Food Agricultural Organization (FAO) of United 
Nations is to preserve genetic variability in cultivated plants 
and their wild relatives by establishing so called 'gene banks'. 
The main sources of genetic variability that should be 
preserved are :-
*The previously and currently grown commercial 
varieties. 
*Local populations. 
*Special genetic material (mutant, cytoplasmic 
sources etc.) 
*Breeding materials featuring specific genes 
(disease resistance, high protein content etc). 
*Polyploids and Aneuoploids. 
*Synthetic species hybrid. 
*Wild and weedy species. 
Well organised institutions are needed for 
maintenance of plant materials. Such research institutions 
which maintain collections of seeds and vegetative parts are 
already established in several countries. 
Estimated number of gene bank accession world wide: 
Crop Accession Distinct 
samples 
Pea 20,500 6,500 
Mungbean 16,600 7,500 
1.6. Mutagenesis 
Plant breeding particularly mutagenesis (Physical and 
Chemical) is a creative work essential to solving the global problem 
of food provision. Its importance is further emphasized by the fact 
that permanent increase of yield per unit area is a solution to the 
problem of providing food to the rapidly expanding world 
population. 
The variations encountered with many of the 
agronomic characters such as yield are of continuous type 
and have resulted from polygenic interaction with the 
environment. Individual gene effects contributing to the 
expression of these characters are too small to be recognised 
and evaluated separately by the classical methods. One has 
to deal with the average effects of genes or genes 'en masse' 
and make use of biometrical tools in their analysis such as 
character mean, variance etc. 
Most of the plant attributes of interest to a plant 
breeder are quantitative characters which are controlled by 
polygenic interaction. In such situation the efficiency of 
selecting the desired mutant is generally lower than for 
specific characters which are controlled by a single gene. 
Micromutations produce genetic variability in quantitative 
characters of the crop plants. Hence, they deserve full 
attention of plant-breeders. Such mutations should be 
useful for improving quantitative inherited traits (e.g. grain yield) 
without disturbing the major part of the genotypic and phenotypic 
architecture of crop. 
It is well known that a crop plant can be improved 
in productivity, resistance to pest and adaptation to 
environment when genetic variability for the specific trait 
is available in the considered population or species. 
The process of breeding crop plants has been successful for 
a longtime, because genetic variation already present in the 
population had been used, and subsequently further genetic 
variation was made available by crossing plants from different 
populations, varieties, species and genera. In some cases, 
however, for instance in bread wheat, the progress obtained for 
productivity has exploited the variability present in nature to 
such a large extent that only further progress from the classical 
methods of breeding becomes more and more difficult (Natarajan 
et fl/.,1958). 
The possibility offered by mutagenic agents to 
induce new genetic variation is, therefore, of extreme interest. 
It might in many cases be the only answer to problems posed 
upon the practical aspects to breeder.A mutation event is 
indeed very important even when if it has a small effect for 
a specific morphological or physiological character, because 
it changes the balance established by natural selection in 
co-adapted blocks of genes and it, therefore, offers new 
situations for natural or artificial selection. 
The use of chemical mutagens in agriculture for 
improving crop plants presented a new departure from 
conventional method. A series of experiments carried out with 
various crops has established that chemical mutagens, when 
applied to plants, induced mutation in polygenic characters 
of different crop plants such as rice (Bateman, 1959); wheat 
(Larik,1975; Siddiqui et al.^ 1979); mungbean (Khan and 
Siddiqui, 1992a;Khan et a/.,1994). The natural variability 
for yield and its component traits is very narrow in mungbean, 
a self fertilized crop. It is a well known fact that the variability is 
an essential pre-requisite for any crop improvement programme. 
In the recent years there have been a number of attempts to assess 
radiation induced genetic variability in quantitative characters of 
different crop plants such as peanut (Gregory,!956); soybean 
(Rawlings et al., 1958; Williams and Hanway, 1961); barley 
(Gaul, 1964); wheat (Scossiroli, 1968; Larik, 1979); oats (Abrams 
and Frey. 1964); sorghum (Ramulu, 1974); rice (Rao and 
Siddiq,1977) and mungbean (Rajput, 1974, Khan,1987). 
However, very scanty information exists 
concerning the influence of chemical mutagens on quantitative 
characters in Vlgna radiata (L.) wilczek. An attempt has been 
made to evaluate quantitative characters in M,, M^ and M, 
generations following chemo-mutagenesis with ethylmethane 
sulphonate (EMS), sodium azide (SA) and Hydrazine hydrate 
(HZ) in two varieties of mungbean viz., Asha and K-851. Eight 
quantitative characters were studied in different generations. 
1.7. Objectives 
The objectives of the present study were: 
1 . to study the biological damage in Mj 
generation. 
2 . Cytological studies of M^ plants. 
3 . to study the frequency and spectrum of 
chlorophyll and morphological mutations. 
4. to compare the effectiveness and efficiency of 
differentchemical mutagens through various 
parameters like seedling injury, pollen sterility 
and meiotic aberrations etc. 
5 . to deterrrtine the component(s) having the 
highest contribution to seed yield. 
6 . to determine the extent of genetic co-efficient 
of variability present in the component(s) and 
their possible effect on the scope for 
advancement through selection . 
7 . to determine the heritability and genetic advance. 
8 . to select the desirable mutants with a promise 
of improvement of quality of seed and 
9 . to study the total seed protein content in the 
isolated M^ mutants. 
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Table 2. Area ( million hects ), production ( million tonnes ) 
and yield ( Kg./ha ) of mungbean in India . 
Year Area Production Yield 
1987-88 2.98 1.23 426 
1988-89 3.42 1.44 415 
1989-90 3.35 1.32 393 
1990-91 3.44 1.37 399 
1991-92 3.47 1.35 389 
1992-93 2.99 1.41 471 
1993-94 2.94 1.23 419 
1994-95 3.04 1.17 386 
Source. Director, Indian Institute of Pulses Research, Kanpur, 
Table 3. Production of pulses and total food grains in India 
(Million Tonnes) 
Year Pulses Total food Pulses 
as percentage 
grains of food grain 
1990-91 14.10 
1991-92 12.02 
1992-93 13.60 
1993-94 13.09 
1994-95 14.50 
1995-96 15.00 
176.20 
168.38 
18€.01 
182.00 
185.00 
190.40 
8. 00 
7. 14 
7. 55 
7. 19 
7. 84 
7. 87 
Source : Yojana, March, 1996, pp. 32. 
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Chapter - 2 
EARLIER mVESTIQATIOMS 
The genus Vigna has attracted attention of many 
cytogeneticists and plant breeders due to its great economic 
and nutritional value. The importance of genetic variability 
for the improvement of crop plants has been completely 
realised and considerable information is available on the black 
gram (Jana, 1962; Jana and Rao, 1974; Rao and Reddy, 1975; 
Kundu, 1980; Kundu and Singh 1982; Deepak et al, 1992; 
Singh, 1996), pea (Gottschalk and Kaul, 1973; Kaul,1977, 
1980a; Kaul and Garg, 1982; Gottschalk, 1983 and 1988; 
Vikas, 1992), and soybean (Upadhyaya and Singh, 1979; 
Ghatge and Kadu, 1993; Mehetre et al., 1996). 
However, relatively very little attention has been 
paid to the species of the genus Vigna in general and to the 
mungbean in particular. The review of earlier investigations 
on various aspects of the mungbean has been presented 
below: 
2 GENERAL ACCOUNT 
2.1. Origin 
According to De Candolle (1884), Vavilov 
(1926) and Zukovskiji (1962), mungbean originated from the 
Indian subcontinent. The maximum diversity among the 
related species is limited to the upper Western Ghats and 
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Deccan hills. A secondary centre of diversity exists in the 
Bihar state. The present Monghyr city of Bihar was once 
called Mudagiri for munghills (De,1976). Vigna radiata 
var. Sublobata appears to be the most probable progenitor 
of both Vigna radiata and V. mungo (Zukovskiji, 1962) and 
occurs as a wild cultivar in India and Indonesia (Dana, 1976). 
Singh et al. (1975) observed variable forms of mugbean in the 
Eastern Ghats and in the areas from Madhya Pradesh (India) 
southwards. 
De Candolle (1886) stated in his classical 
book, "Origin of Cultivated Plants", that P. aureus Roxb. 
was commonly cultivated in India and in the Nile valley. The 
considerable number of varieties, and the existence of three 
different names in the modern languages of India, point to 
its cultivation one or two thousand years ago. 
In Africa, it is probably recently introduced. 
Anglo-Indian botanists agree that it is wild in India. Vavilov 
(1926) mentions P. aureus Roxb. originated in Indian 
centre of origin of cultivated plants ( exclusively Pakistan) but 
including Burma, as well as in the Central Asiatic centre 
(Pakistan, Afghanistan, Tadjikistan and Western Tian-Shan). 
2.1.2. TAXONOMIC CLASSIFICATION 
The taxonomic classification of mungbean was 
compiled by Bose (1932). There is great controversy amongst 
the taxonomists regarding whether mungbean should be kept 
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in the genus Phaseolus or Vigna. Roxburgh (1832) named 
mungbean as Phaseolus mungo willd. and the yellow 
variety (Sonamung) as P. aureus Roxb. Duthie and Fuller 
(1882) also followed the same classification. However, Prain 
(1898,1903) had changed the classification and called the 
mungbean as Phaseolus radiatus Linn. Bose (1939) referred 
to mungbean as P. radiatus Linn. Syn. P. aureus Roxb. The 
name of P. aureus for mungbean remained viable until many 
taxonomists considered that Asiatic Phaseolus species (Old 
world) i.e. Section ceratotropis should be transformed to the 
genus Vigna. Piper (1926) differentiated Phaseolus from 
Vigna genus based on keel characteristics (keel is straight and 
not laterally coiled) or curved as in Vigna, while it is curved 
or coiled in Phaseolus) The criterion for differentiation 
between the genera Phaseolus and Vigna have been reviewed 
by Evans (1975) and Marechal (1975) Wilczek (1954) 
named Vigna radiata (L ) wilczek for Phaseolus aureus 
L., the mungbean. 
2.1.3. CYTOLOGICAL STUDIES 
Karpechenco ( 1925 ) reported the diploid 
chromosome number of mungbean as 22 but Rao (1929) found 
it to be 24. However, most species are diploid with 2n = 22, 
showing that there is a perfect uniformity in chromosome 
number of this genus (Grover and Virk,1986; Ignacimuthu 
and Babu, 1989a; Ignacimuthu and Sakthivel, 1989) Sinha 
and Roy (1979) reported that the wide morphological 
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divergence in respect of colour of flowers, seed size, pod size 
etc. amongst the species of this genus can, therefore, be assumed 
to have been produced due to the structural differences in their 
chromosome compliments and gene pool. 
The degree of cytological aberrations either in 
mitosis or meiosis is regarded as one of the dependable 
criteria for estimating the effect of a mutagen. Meiotic 
abnormalities due to mutagens in many cultivated species have 
been carried out by several workers (Swaminathan et al., 
1962 in H. vulgare and T. aestivum; Kalloo 1972 in 
Pisum Sativum; Bandyopadhyay and Bose 1983 in 
Phaseolus aureus and P. mungo; Gupta and Roy, 1985 in 
Physalis; Grover and Virk, 1986 and Ignacimuthu and 
Sakthivel, 1989 in mungbean). Swaminathan et al. (1962) 
reported that the chromosomal mutations leading to the 
formation of non-functional gametes are the most common 
effect ofmutagen induced sterility with reduced reproductive 
capacity. They further reported that the spectrum of meiotic 
chromosomal abnormalities is broad during diakinesis- metaphase 
and includes high proportion of univalents, moderate frequencies 
of multivalents, stickiness of chromosomes andnon-orientation. 
Meiotic mutants affecting microsporogenesis have 
also been investigated in peas (Gottschalk and Klein, 1976), 
in Vicia faba (Sjodin, 1962), in Lathyrus sativus (Nerkar, 
1977), in Zea mays (Goluborskaya and Sitnikova,1980) and 
in rice (Siddiq, 1973; Kitada et al., 1983). These observations 
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suggest that mutagens induce point mutations or minute 
deficiencies resulting in non-pairing of homologous chromosomes. 
A comparative study on the induction of 
chromosomal aberrations in the two varieties of mungbean 
{Vigna radiata) by gamma rays, MNNG, EMS and HA was 
made by Grover and Virk (1986). The quadrivalents, trivalents 
and univalents were noticed at metaphase 1 in pollen mother cells. 
Irregular distribution of chromosomes at anaphase I accompanied 
by laggards and chromatin bridges were also observed. The 
maximum frequencies were noticed with gamma rays followed 
by MNNG, EMS and HA. 
Reddy and Annadurai (1992) reported the 
effects of gamma rays, ethylmethane sulphonate (EMS) and 
sodium azide (SA) on meiotic behaviour in Lens culinaris. 
Meiotic abnormalities such as quadrivalents, bivalents, 
univalents, laggards and bridges/fragments were increased in 
mutagenic treatments. 
Dose dependent increase in the frequency of 
meiotic abnormalities was also reported in pulses (Scumpu 
and Lonscu, 1968; Grover and Virk, 1986; Ignacimuthu 
and Babu, 1989; Ignacimuthu and Sakthivel, 1989)and in 
cereals (Swaminathan et al., 1962; O'Mara et al., 1987; Reddy 
et al., 1991) 
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2.2. MUTAGENESIS 
2.2.1. Mutagens 
The idea of inducing mutations artificially and 
using them for plant improvements was clearly stated as early as 
1901 by Hugo de Vries. However, it received considerable at-
tention only after 1927 when Muller demonstrated artificial 
induction of mutations by ionizing radiations in case of 
Drosophila melanogaster. One year later, Stadler (1928) 
produced mutations in Barely and Maize by x- and gamma rays. 
Gager and Blakeslee (1927) did the same in Datura stramonium 
and Goodspeed (1929) in Nicotiana. At the end of the 1930's 
Gustafsson started his most effective mutation work and 
published his pioneering work in 1947. The discovery of 
chemical mutagens is another important event in the history of 
plant breeding. It was 1930's two chemicals: Iodine and 
Copper sulphate, that were known to act as weak mutagens. In 
the world war-II (1914) Urathane was discovered as a 
chemical in the form of gas as mutagenic in nature and 
produced radio-mimitic properties. 
Following Gustafsson*s (1947) reported, 
intensive studies on the production of useful mutations in 
crop plants were taken up by many plant breeders all around the 
world. The detailed achievements in this field were reviewed 
extensively by Mackey (1956), Prakken (1959), Gaul 
(1961a, 1963), Gregory (1961, 1966), Gustafsson (1963), 
Swaminathan (1965a,b) and Gottschalk (1975,1977) . 
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It is a well known fact that, in addition to 
several ionizing radiations, a number of chemical mutagens 
induced mutation in plants, when applied singly or combined with 
other chemicals, and successively or simultaneously with 
physical mutagens (Ehrenberg et al., 1956, 1961; Wallace, 1965; 
Konzak et al., 1965). 
Our knowledge on the fundamental aspects of the 
mutational process and the mechanism of action of various 
physical and chemical mutagens and their combinations has 
been fairly widened with reports of Blixt and Gottschalk 
(1975), Gottschalk (1978a, 1978b), Gottschalk and Wolff 
(1983a), Sharma (1985 ) and Khan (1986). Though there 
are several unanswered questions regarding the classification and 
mechanism of action of mutagens, yet a more comprehensive 
account of them was given by Sharma (1985). 
Heslot (1977) and Freese (1961 and 1963) gave 
a detailed account of the action of chemical mutagens like 
alkylating agents (EMS and dES) and base specific chemicals 
(HZ and HA). Sharma et al. (1976) demonstrated the dissimil arity 
in molecular action of HA and HZ on different genes of 
Lycopersicum and Drosophila. The alkylating agents are the most 
important group of the mutagens and react with DNA by 
alkylating the phosphate groups as well as the purine and 
pyrimidine bases. 
Sodium azide mutagenicity was first observed by 
Wyss et al. (1948) in their studies on the role of peroxides in 
radiation induced mutagenesis. Sodium azide mutagenicity 
in higher plants was discovered by Spence (1965) who used 
this chemical as a respiratory inhibitor in barley. Later on 
sodium azide was found to be a very effective mutagen under certain 
treatment conditions (Kleinhofs et ai, 1974); it made possible to 
obtain high mutation frequency, mostly gene mutations, with 
negligible frequency of chromosomal aberrations. 
Sodium azide, an inhibitor of catalase and 
peroxidase enzyme is a remarkably efficient mutagen in 
barley (Nilan ei al., 1973) with hydrogen ion concentration 
of its treatment solution as key to its high mutagenic 
potency (Sideris et al.^ 1969). It is also known to cause 
somatic mosaicism in Glycine max (Vig, 1973) and induce 
mutations in Pisum (Sander and Muehlbauer, 1977). 
The mutagenic efficiency of azide is very high when 
measured as the ratio of mutation yielded to chromosomal 
aberrations (Konzak et al., 1972). 
Apart from easy handling and better efficiency, 
chemical mutagens have greater specificity than radiations 
( Auerbach, 1965). Chemical mutagens have been reported 
to be more potent in inducing mutations than the physical 
ones (Sharma, 1965; Blixt and Mossberg, 1967). But 
according to Kaul ( 1989 ) physical mutagens are highly 
effective in producing mutations as compared to the 
chemical mutagens. But chemical mutagenesis is easy to carry 
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out for the production of mutation in comparison to 
physical agents. It is further reported by Kaul ( 1989) that 
physical mutagens produced total 602 mutants and chemical 
mutagenesis resulted in production of 123 mutants of different 
crops and ornamentals. 
2.2.2. DOSE EFFECT 
The dose required for high mutation frequency, 
efficiency of a chemical mutagen depends on the properties 
of the agent, of the solvent medium and of the biological system 
in question. In general, the dose of a chemical mutagenic 
treatment comprises several parameters, of which the most important 
are concentration, duration of treatment and temperature during 
treatment. Chemical mutagens like EMS and NMU have been 
shown to have a dose dependent reduction in seed germination, 
seedling height and pollen fertility in Lathyrus sativus (Nerker, 
1970), Phaseolus vulgaris (Hussein and Disouki,1976), pearl 
millet (Singh et al^ 1978), mungbean (Singh and Chaturvedi, 1980; 
Khan, 1983; Khan and Siddiqui, 1986), and in peas (Wellensick, 
1965; Mighacheva, 1972, Salim et al., 1974) Siddiq (1967) 
found NMU at higher doses to be more effective than gamma 
rays, EMS and fast neutrons on rice for the production of 
mutations. 
With a view to enhance the mutation rate and also 
the alter the spectrum of mutation, many variation in treatment 
methodology have been used by different workers. Treatments with 
chemicals or physical mutagens have been given to dry as well as 
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soaked seeds, seedlings at different developmental stages, 
different phases of cell cycle, at variable temperature and ionic 
concentration of chemical mutagens (Chopra and Pai, 1979). 
2.3. MUTAGENIC EFFECTIVENESS AND EFFICIENCY 
The mutagenic effectiveness is a measure of the 
frequency of mutation induced by a unit dose of mutagen (time 
X concentration), while mutagenic efficiency gives an idea 
of proportion of mutations in relation to various changes like 
injury, lethality and sterility. 
Mutagenic effectiveness and efficiency of different 
mutagens varies distinctly. EI has been reported to be more 
effective and efficient than gamma rays (Blixt, 1964) whereas 
dES has been found to be superior to x-rays (Monti, 1968). NMU 
was observed to surpass El and gamma rays in effectiveness 
and efficiency (Debeiyi et aL, 1975, Yakovlev and Agarkova, 
1979). Higher mutagenicity of MMS then gammarays was 
recorded in two varieties of rice by Rao and Rao (1983). 
Konzak et al. (1965) studied the efficiency and 
effectiveness of various mutagens and concluded that alkylating agents 
are more effective and efficient in inducing mutations. Siddiq and 
Swaminathan (1968b), Nerker (1977), and Khan and Siddiqui 
(1992b and 1993a) reported that the lower doses of mutagens 
were efficient and effective as compared to the higher ones. 
The greater efficiency of lower concentration/doses of a mutagen 
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is due to the less harmful effects at lower doses (Konzak et al.^ 
1968). It has been noticed that among the monofunctional 
mutagens, while methylating agents are more toxic and thus 
have to be used only at lower concentration (IAEA, 1970), 
ethylating agents being less toxic, can be applied at relatively 
higher concentration to yield more mutations. 
Relative efficiency, effectiveness and factors of 
effectiveness for treated and controlled populations of two 
varieties of rice (Tella-hamsa and IR-24) have been reported 
by Rao and Rao in 1983. The highest mutagen efficiency 
was recorded with NMU treatment followed by MMS and 
HA. The effectiveness was remarkably high in chemical mutagen 
treatment and quite distinctly low in gamma treatments. Reddy 
and Smith (1984) studied mutagenic effectiveness and efficiency 
of hydrazine hydrate (HZ) and Ethylmethane sulphonate (EMS) 
with a local sorghum variety of Texas, Tx-414, based on 
seedling injury, sterility, they found HZ to be highly efficient 
mutagen than EMS. Nerkar (1977) in lathyrus reported 
greater effectiveness of NMU over EMS and gamma rays. Reddy 
and Rao (1988) observed higher efficiency of SA than gamma 
rays and in combination treatment in case of rice genotype. 
Badami and Bhalla (1992) reported mutagenic 
effectiveness and efficiency of gamma rays and sodium azide 
in two clusterbean varieties, Pusa Navbahar and FS-277. They 
observed that effectiveness and efficiency value varied with 
both the treatments and variety under consideration. An 
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increase in effectiveness and efficiency in individual and 
combined treatment of gamma rays and sodium azide at lower 
concentration/dose was reported in rice (Reddi and Rao, 
1988) and in triticale, barley and wheat (Reddy, 1992). Prasad 
(1972) compared the efficiency and effectiveness of gamma 
rays, EMS, NMU and NG at biologically comparable doses 
in Triticum durum. He also observed that NMU was reasonably 
efficient and can be a useful mutagen when used at low 
concentrations. 
2.4. CHLOROPHYLL MUTATIONS 
Chlorophyll deficient chimeras in M^ generation 
and their segregation in M^ generation are often observed in 
a mutagenized population . The most extensive attempts to 
change the spectrum of mutations and to achieve some 
degree of mutagen specificity in higher plants have been with 
chlorophyll deficient mutations because of their ease in 
detection and frequent appearance after mutagenic 
treatment (Nilan, 1967). 
Several workers reported the occurrence of 
different types of chlorophyll mutations in mungbean such 
as albina, xantha, chlorina, viridis, virescent, striata, tigrina etc. 
in the M^ generation following various mutagenic treatments 
(Dahiya, 1973; Singh et al., 1979;Krishnaswaniy and Rathinam, 
1980; Ganguli, 1981; Khan, 1984; Rao 1982 and Khan and 
Siddiqui, 1993a and 1996 ). Khan (1988) reported the highest 
frequency of chlorophyll mutations with gamma rays followed 
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by EMS in the variety G-65 of mungbean. He also reported 
that EMS was more efficient for inducing the highest 
frequency of chlorophyll mutation followed by gamma rays 
in the variety PS-16. A dose dependent increase in chlorophyll 
mutation frequency and spectrum was observed by Ignacimuthu 
and Babu (1988) in urdbean and mungbean. 
Grover and Virk (1984) compared the potentiality 
of gamma rays, N-methyl- N-nitro-N-nitrosoguanidine (MNNG), 
Ethylmethane sulphonate (EMS) and Hydroxylamine (HA) to 
induce chlorophyll mutants in mungbean. The chlorophyll mutants 
spectrum included, xantha, chlorina, maculata, viridis, virescence, 
xanthochlorina and chlorinoxantha. 
The maximum frequency of chlorophyll mutants was 
encountered in MNNG treated plants. Gamma rays induced 
xantha type mutants most frequently where as the frequency 
of chlorina mutants following chemical mutagenic treatment 
was more for inducing chlorophyll mutants. The order of 
mutagens based upon effectiveness in inducing chlorophyll 
mutants was MNNG > EMS > HA > gamma rays. 
Combined treatments with different physical and 
chemical mutagens alter the mutation frequency and spectrum 
(Arnason et aL, 1963 and Favert, 1963). Goud (1970) 
reported a high frequency and wide spectrum of both chlorophyll 
and viable mutations in Lens culinaris. 
In barley combinations of treatments with 
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gamma rays and EMS showed synergistic effect on chlorophyll 
mutation frequency ( Sharma, 1969). Similar observations 
were made on rice after treatment with thermal neutrons and 
dES ( Rao and Gopal, 1964) Bhan and Kaul (1976) treated 
three varieties of rice with gamma rays, EMS and dES, alone 
and in combinations. They reported that the chlorophyll 
mutation frequency was enhanced with increasing dose but 
dropped at very high doses. 
The chlorophyll mutation spectrum in combination 
treatments with sodium azide (NaNj) and sodium arsenite 
(NaAS02) was the same as for EMS alone ( Thengane, 1984). 
He further noted that EMS + NaN^ treatment with dry seeds 
induced chlorina and viridis types considerably at higher 
frequencies and sodium azide alone induced chlorinas at 
considerably high percentage. Kawi (1969) observed that 
chlorophyll mutation frequency in rice was three times higher 
with EMS then with radiations .The spectrum and frequency of 
chlorophyll mutations in rice were reported by Rao and Rao 
(1983) .They recorded the highest frequency of chlorophyll 
mutations in MMS treatments rather than with gamma rays. 
The frequency of chlorophyll mutation in rice on the basis 
of M, panicle progeny and M^ seedling, was calculated by Reddy 
and Suneetha (1992). They found that EMS treatment induced 
the maximum frequency of chlorophyll mutants followed by 
azide and MMS and also noted that Viridis mutants occurred 
at a maximum frequency followed by Xantha and Albina. Bhan 
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and Kaul (1976), Afsar Awan et al (1980), Reddi and Reddi 
(1984), and Reddi and Rao (1988) also reported a higher 
frequency of viridis, than Albina in their studies involving 
physical and chemical mutagens in rice. However, some workers 
reported the higher frequency of albina mutants in rice 
(Swaminathan et al., 1970; Nanda and Misra, 1975; Bhan 
and Kaul 1976; Kaul and Basu, 1977; Rao and Rao, 1983; 
Reddi and Rao, 1988). In wheat, a reduced chlorophyll 
mutation frequency was observed in combinations of EMS 
and HA (Chopra and Swaminathan, 1966). 
A broad spectrum of different types of chlorophyll 
mutation was reported by Reddy (1989a) in triticale. He 
reported that the segregation and breeding behaviour of the 
mutants showed that all were monogenically controlled with 
recessive inheritance. Chlorophyll mutants were induced by 
gamma rays and EMS treatments, singly and in combination 
in tr i t icales (Reddy et al., 1995). They observed wider 
spectrum with higher frequency of chlorophyll mutants. 
2.5 M, PARAMETERS 
It is a well established fact that chemical mutagens 
induce biological damage in M, parameters and it can be 
measured by various parameters like percentage of seed 
germination, seedling height, pollen fertility,seed sterility and 
chromosomal aberrations. Decreased germination and survival 
of the plants after mutagen treatments have been earlier 
reported by Ehrenberg (1955a,b) and Caldecott (1955) in barley. 
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The biological effects induced in barley by EMS have been 
measured by plant responses such as lethality, plant survival, 
spike fertility, mitotic and meiotic chromosome aberrations in 
M, generation {Konzak et aL, 1961; Swaminathan et al., 1962; 
Ramanna and Natrajan, 1965). Sharma (1969) reported that 
reduction in seedling height showed a direct relationship with 
EMS dose, the maximum reduction occurring at the highest dose. 
Majid (1969) reported that the treatments with gamma rays, 
and EMS (used singly or in combination) resulted in lowered 
germination, survival, growth, pollen and seed fertility in 
Lycopersicum. 
Chowdhury (1983) reported the symmetric 
reduction in germination in all the six wheat varieties with 
higher doses of gamma rays. Decreased germination and 
survival of the plants after mutagenic treatment in wheat has 
been reported by Goud (1967a). Rajput (1970) in wheat 
reported that germination was fairly radio-resistant. Kalia 
(1984) observed a significant reduction in survival 
percentage with different chemicals mutagens. Effect of 
radiations on pollen fertility in wheat was studied by Bhaskaran 
( 1959), Jagathesan (1960), Bhatia (1960), Prabhakar Rao 
(1962) and Chandra (1965). All of them observed a reduction 
in pollen fertility over control, the decrease being inversely 
proportional to doses. In the case of EMS, Chandra (1965) 
recorded slightly greater reduction in pollen fertility, compared 
to X-rays. 
Heringa (1964) has shown in pea that the 
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germination capacity was little disturbed after irradiation but 
it was greatly reduced after EMS treatment. Rajput (1973) 
reported reduced growth after irradiation in mungbean. 
A gradual reduction of pollen fertility and seed set was 
noticed by Grover and Tejpaul (1982) while subjecting the seeds of 
mungbean with gamma rays, maleic hydrazide (MH) 
and gamma rays + MH. Pande and Singh (1983) observed 
that MH reduced the seedling growth and seed germination 
in the varieties of Cicer arietinum. 
Cheralu and Reddy (1985) reported that based 
on several M^biological parameters (Such as reduction in seed 
germination, seedling growth, plant survival till maturity, 
pollen fertility and seed-set). Sodium azide (NaN,) was more 
toxic than hydrazine (HZ) and showed a decrease in all 
Mj biological parameters with increase in concentrations of 
both the chemical mutagens NaN^ and HZ in all the varieties 
of sorghum. 
Athma and Reddy (1988) treated three varieties 
of Ricinus communis L., with different concentrations/doses 
of EMS, dES, HZ, gamma rays and their sequential treatments. 
A gradual decrease in seed germination, seedling height, plant 
survival at maturity and pollen fertility was observed with 
increasing concentration/dose in M^  generation. They further 
noted that the extent of decrease for these parameters was 
not equal in three varieties indicating the varietal differences. 
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Khan and Siddiqui (1988) and Khan et al. 
(1994) treated seeds of different varieties of Vigna radiata 
with alkylating agents and noted a reduction in seed germination, 
seedling height and pollen fertility with increasing concentrations 
of mutagens. 
Leaves of mungbean are trifoliate large, ovate, 
entire and rarely lobed (Bose, 1932). Inheritance of lobed 
leaf in mungbean was studied by Singh and Mehta (1953). 
Singh (1980) reported that lobed leaf was dominant over 
normal type and was governed by a single gene. Incomplete 
dominance of lobed leaf was also reported by Sen and Ghosh 
(1959). The unifoliate leaf mutants in mungbean are sterile but 
vigorous, unlike one reported by Jana (1962) in blackgram. 
Inheritance of a small-leaf mutant in mungbean was reported 
by Singh and Singh (1995) 
Variation in size, texture, type and modification 
of leaf parts were found to be more predominant than other 
characters except the nature of pods (Patil, 1966). That pea 
mutant with considerable high increase in leaf-size have a 
high yield, was reported by Vasileva (1978). In garden pea, 
mutants cause branched tendrils instead of leaflets, and seed 
production is low (Snoad, 1974) and without any agronomic 
interest (Gottschalk, 1973; Gottschalk and Kaul, 1973) 
Presence of needle like narrow lanceolate leaves with abnormal 
floral characteristic was noticed during the mutagenic 
studies in Capsicum (Venkatrajan and Subhash 1968). 
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Ansari and Siddiqui (1986) found variations in leaf shape, lobe 
formation and dentation after chemical mutagenic treatment 
in Ammi majus L. 
2 .5 . ] . QUANTITATIVE TRAITS 
Generally mutants are grouped in two major 
categories on the basis of their phenotypic manifestation : 
Macro-mutations and Micro-mutations. The significance of 
small mutations in evolutions were first recognised and 
emphasized by Baur (1924) and later on it has been studied 
by many workers in different crop plants. Gaul (1963) 
emphasised the significance of micro-mutations in plants 
breeding by stating that " there appears to be no doubt that 
micromutations may effect virtually all morphological and 
physiological characters as do large mutations and they might 
have higher mutation rate than the macromutations". 
Several workers have so far reported encouraging 
results about the induction of useful quantitative variability 
in different crop plants viz., Gregory (1955, 1956) in pea nuts, 
Rawlings et al. (1958) and Papa et al. (1961) in soybeans, Krull 
and Frey (1961) in oats, Brock (1965) in Subterranean clover 
and Arabidopsis tlialiana^ Gustafsson (1963) and Nalini et 
al. (1993) in barley, Lawrance, (1968,1975) in Arabidopsis^ 
Bhatia and Swaminathan (1962), Borojevic (1965), Scossiroli 
et al. (1966), Goud (1967b) and Nalini et al. (1993) in wheat, 
Scossiroli (1962) in corn, Gupta and Swaminathan (1967) 
in toria, Sree Ramulu (1974b) in sorghum, Aasveit (1967) 
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in rye, Sakai and Suzuki (1964) and Jana and Roy (1973) 
in rice and Rao and Joshi (1976), Rajpur and Malik (1982), 
Sinha and Joshi (1986), Reddy (1989b), Reddy et al. (1992) 
and Viswanathan et al. (1994) in triticale. 
There is much difference of opinion on the 
relative incidence of induced polygenic variation in the negative 
or positive direction and shift of the mean in M, and later 
generations. Brock (1965) postulated that induced polygenic 
variation follows a path which is opposite to that of the previous 
selection history. The response of unselected character will, 
however, depend not only on its previous selection history but 
also on, whether it is genetically correlated with the selected 
characters ( Brock, 1967) The works of Brock (1966,1971 
and 1976), Bateman (1959), Goud (1967a,b), Rao and 
Siddiq (1976) supported this hypothesis. 
On the other hand, Gaul and Aastveit (1966) 
suggested that mutations are induced randomly but the mean 
shifts in a direction were associated with reduced vitality. 
Reduction in the mean values over their respective controls 
accompanied by an increase in their phenotypic variability in 
M, and later generations were reported by several workers 
viz.. Brock (1967) in Arabidopsis spp., Swaminathan (1965), 
Borojevic (1966) and Borojevic and Borojevic (1968) in 
wheat, Gaul (1964) in barley, Aastveit (1968) in rye, Gupta 
and Swaminathan (1967) in toria, Kumar (1969,1972), 
Kumar and Das (1969,1974 ) in brown sarson. 
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Gregory (1965) held another view regarding the 
problem of shift in mean. According to him, mutations with 
very small phenotypic effect will occur with high frequency 
and will have an equal probability of being positive or negative 
in their effect. He further added that with the removal of 
mutations of drastic effect, the variance would be reduced 
in correlated characters but largely unaffected in genetically 
non-correlated characters, while the means in both instances 
would be approximately equal to the control population. The 
results of Oka et aL (1958), Kawai et al. (1961), Matsuo and 
Onozawa (1960, 1961), Syakudo et al. (1961), Kobori and 
Syakudo (1961), Hsieh (1959) showed significant increase 
in the variance but no change in the mean values of some of 
the quantitative characters studied. 
Frey (1969) reported that mutagen derived 
variability for quantitative characters in crop plants is heritable 
and the response to selection is good. The relative value of 
this source variability for use in crop improvement, therefore, 
depends almost entirely upon the phenotypic expression caused 
by the mutations induced in the polygenic loci. 
Ismail et al (1977) have treated the two common 
Egyptian broad-bean cultivars with different concentrations of EMS. 
The amount of induced genetic variance for many yield influencing 
characters were estimated from the M^  population. The results 
showed an appreciable amount of heritable variation induced in 
comparison with the untreated controls. 
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Induced variability, due to EMS, was analysed by 
Viswanathan et al (1994) on five quantitative characters in triticales. 
Negative shift in the mean for plant height, tiller number, and grain 
yield, and positive shift in the mean for spikeiets/spike and lOO-grain 
weight were noticed in EMS treatments. 
2.5.2. STUDIES ON MUNGBEAN 
Both the physical and chemical mutagens have been 
extensively used to induce mutations in Vigna radiata by various 
workers Raghuvanshi et al. (1978); Grover and Tejpaul (1980); 
Singh and Chaturvedi (1982); Thakare et al. (1983); Singh and 
Yadav (1991); Khan and Siddiqui (1992a, 1993b). 
The studies of Dahiya (1973) on two mung varieties 
suggested that mutation breeding results in increase of variation for 
all quantitatively inherited characters and decrease in general mean 
of the irradiation populations with some exceptions. Rajput (1974) 
also reported increased variability and positive or negative mean shifts 
for the various quantitative characters after mutagen treatments. 
Prasad (1976) isolated 10 mutants in M, generation after treatment 
with EMS. These mutants show a higher number of pods than the control. 
It was observed that the mutant strain M^^ consistently maintained its 
superiority in yield and pod number per plant over control. 
Singh et al. (1979) observed a mean shift towards 
lateness for days to flowering and increased genetic variance after gamma 
ray irradiation in M, population of mungbean. Tickoo and Jain (1979) 
reported that most of the induced variability in M, generation was mainly in 
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the negative direction whereas in M^ generation it was towards the positive 
direction. Khan and Hashim (1979) observed that chemical mutagens EMS 
and HZ induced more genetic variabihty in the M^ generation giving higher 
values of heritability than gamma-radiation but the genetic advance predicted 
in M,of the chemical mutagen treatments was not fulfilled and amazingly 
gamma-rays accomplished what was expected fi'om it. Singh and Chaturvedi 
(1980) obtained two productive mutants from gamma-irradiated 
population. The bigger grain size mutants produced significant increase in 
the yield and in protein and methionine contents as compared to their 
respective parents. A significant positive mean shift for total seed yield per 
plant was also observed by Chaturvedi and Singh (1980) in mungbean. 
A multiracemose inflorescence mutant of mungbean 
cv.T-44 was induced (Singh et a/., 1988) by recurrent gamma-
irradiation and it was found to be a high yielder than the parent. 
Sharma and Singh (1992) reported the influence of altered moisture 
level in seeds on the induction of mutations with EMS and gamma-rays. 
Treatment administered with higher moisture level and with longer 
duration of presoaking were found to be more effective in inducing 
mutations in mungbean. Selection studies were made by Khan and 
Siddiqui (1992a) to improve the yield and yield components in 
sodium azide treated population of mungbean. Comparisons were 
made between controls and two types of selection viz., 1. random 
selection, and 2. positive selection which includes progenies having mean 
values higher than control. Positive shifts in mean values were noticed in 
the positive random selections for fertile branches per plant, pods per 
plant and total plant yield. 
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Ferry (1980) and Tickoo and Jain (1988) have 
reviewed the genetical studies with regard to different plant characters 
in mungbean. Wide range of genotypic and phenotype variability, 
high genetic advance for yield and yield components were reported 
by various workers in mungbean (Singh and Maihotra, 1970; Khan 
and Siddiqui,1992a; Khan and Siddiqui, 1993b; Khan etai, 1994; 
Khan and Siddiqi, 1995; Khan and Siddiqui, 1997a). 
Khan and Siddiqui (1997b) reported mutagenic 
effects of maleic hydrazide to seed germination and pollen fertility in 
Mj and certain quantitative characters such as plant height, days to 
flowering and days to maturity in M, and M^ generations. Variety 
PS-16. was more sensitive than variety K-851 for seeds germination 
and pollen fertility. The genetic variability increased in all the three 
quantitative characters. The maximum genetic variability was observed 
for plants height in both the varieties. 
Joshi and Kabaria (1973) and Bhargava et fl/.(1966) 
observed a high genetic coefficient of variation (GCV) for pod number 
and seeds per pod. High genetic coefficient of variation was also 
noted for characters like plant height, number of clusters per plant, 
number of pods per plant and grain yield per plant (Veeraswamy et 
ai, 1973). Khorgade (1995) reported that the characters namely, 
number of branches, seed yield, number of pods and number of 
clusters per plant exhibited high genotypic coefficient of variation. 
He fiirther noticed that higli genetic advance was found to be accompanied 
by comparatively high estimates of heritability in case of 100 seed 
weight, number of branches, number of clusters, number of pods 
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and seed yield. Wide genetic diversity was noted by various werkers 
for most of the quatitative traits in mungbean. Days to flowering, 
seed size and primary branches contributed maximum toward genetic 
divergence (Malhotra et al., 1974). Moderate to low heritability 
estimates both with low and high genetic advance have been observed 
for yield, pod number per plant and branches per plant (Gupta and 
Singh, 1969; Singh and Malhotra, 1970). High heritability estimates 
coupled with high genetic variability and genetic advance have been 
reported for various quantitative characters in mungbean, viz., days 
to flowering, days to maturity, pod length, plant height, cluster, seed 
weight and seeds per pod (Bhargava, et al., 1966, Gupta and 
Singh, 1969; Singh and Malhotra, 1970; Joshi and Kabaria, 1973; 
Veeraswamy, et al.^ 1973; Khan, 1990), suggested usefulness of 
selection for these characters and the probable role of additive gene 
effect on character expression. 
Tickoo and Jain (1988) have siunmarized the correlation 
and association studies. It has been found that number of primary 
branches per plant, secondary branches, plant height, days to flowering, 
days to maturity, pod number per plant, seed per pod and pod length 
are positively correlated with yield. On the other hand yield is 
negatively correlated with seed protein. A negative correlation has 
also been observed between seed weight and yield. Similar results 
have been observed by Ramana and Singh (1987).It is now well 
established that number of pods per plant, seed weight and number 
of seeds per pod are the three most important characters in yield 
determination (Tickoo and Jain, 1988) Shanmugam et al (1983) 
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have noticed significant and positive association of see yield with seed 
weight, number of rootlets and length of rooting zone. 
2.6. SEED PROTEIN CONTENT 
Among the pulses, mungbean {Vigna radiata) is 
considered easily digestible with about 20-25% protein and free from 
flatulence inducing substances to great extent (Payumo, 1978). 
Protein content is known to be influenced by various endogenous and 
exogenous factors, such as stem height, leaf area, time of maturation, 
seed size, seed number, temperature, water stress and nitrogen feeding 
levels (Gottschalk and Wolff, 1983b). Blixt (1979) reported increase 
in protein content in induced mutants of legumes than in spontaneous 
mutant cultivars, land races, cross derivates and wild relatives. 
Ignacimuthu and Babu (1989b) analysed the M^and 
Mj seeds of urd and mungbeans for protein content. The increase in 
mean protein content in some treatments and decrease in other 
suggested that mutants with positive and negative effects were 
induced \\\ different proportions with various treatments. 
Jan Olejniczak (1986) isolated protein mutants in 
maize in M^  generation after treatment with N-methyl N-nitrosourea 
(MNU) and Sodium azide (SA). He found that the total protein 
content in mutants increased in comparison to the normal line S-6] 5. 
Seeds of Phaseolus vulgaris were exposed to different doses of 
gamma rays for the purpose of isolating protein mutant (Prasad et 
al.y 1995). Isolated mutant showed sufficient improvement in total 
seed protein content. 
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The induced mutants of urd and mungbean showed positive 
correlation between lysine and protein content ( Ignacimuthu 
and Babu,1989b). Prasad et al. (1986) showed that protein 
mutants in Phaseolus exhibited negative correlation with yield. Similar 
negative correlations,between total protein and yield has also been 
reported in cereals (Kumar, 1976; Johnson et al.,1979; 
Kaul,1980b) and in legumes( Johnson, 1955; Kaul and Matta, 
1976; Imam, 1979). However, in Pisiim, neither positive nor negative 
correlation was found (Gottschalk and Wolff, 1983b). 
Krober et fl/.(1970) studied protein content in pulses 
grown at various locations and reported significant differences in 
protein content. Muller (1978) discussed some aspects of manifold 
interaction existing between seed protein in higher plants and 
environmental factors in his study of gene ecological investigations 
of seed protein. The protein production in plants is influenced by the 
interactions of gene(s) and environmental factor(s) has been reported by 
various workers in different crop plants viz., in Cicer arietinum (Singh et 
al., 1974; Abo-Hegazi, 1980; Yadavendra and Hadwani, 1985; 
Sengupta et al., 1986; Yadavendra and Dixit, 1987; Singh et al., 
1990). Mittal et A/.,1996), in Glycine max (Lai et al., 1973; Rao 
et al., 1980) in l^igna radiata (Rutger, 1971; Wolffe and Hamblin, 
1973; Crocomo et al., 1978; Sandhu et al., 1979; Hussein and 
Disouki, 1979; Ignacimuthu and Babu 1989b), in triticum (Dumanovic 
etal.,1913; NagI, 1973; Denic, 1978), in barley (Doll, 1972; Balravi 
et al., 1976, in rice (Haq et al., 1970; Harn et a/., 1973; Kushinuchi 
etal.,1914; Manyo and Sugiyama,1978. Kaul, 1980b). 
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Chapter - 3 
MATERIALS AND METHODS 
3.1. MATERIALS 
3.1.1. Varieties used 
Two Indian varieties of mungbean {Vigna Tadiata 
(L.)Wilczek) namely; Asha and K-851 were used in the present 
investigation. Seeds of both the varieties Asha as well as K-851 were 
procured from the Government seed store, Aligarh ( Uttar Pradesh ).Both 
the varieties are well adapted to agroclimatic conditions of Uttar 
Pradesh (including Aligarh, the site of this study ) and are popular 
for cultivation in this region. Informations obtained regarding both 
of the varieties from Dr. V.P. Singh, senior scientist (Pulses) 
Department of plant Breeding, Haryana Agriculture University, 
Hissar, are given below : 
3.1.1.1. Variety Asha 
This variety was released in 1991 for general 
cultivation in irrigated areas of Haryana state. The variety is 
especially suitable for Kliarif season. This variety is semi-erect in growth 
habit. The seeds are medium, smooth and Shining in colour. It matures 
in 70-75 days. Average yield is 9-11 q/ha. 
3.1.1.2. Variety K-851 
The variety K-851 has been developed at Kanpur. 
It is erect and semi-tall.The seeds are medium bold, smooth and 
shining green. It matures in 65-70 days (five days earlier than variety 
Asha). Average yield is 10-12 q/ha. 
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3.1.2. Mutagens used 
Three different chemical mutagens were used in the present 
study. Ethylmethane sulphonate (EMS) is a monofunctional alkylat-
ing agent, hydrazine hydrate ( HZ)- a base analogue and the last 
one is sodium azide ( SA ) - a respiratory inhibitor. 
3.1.2.1. Ethylmethane sulphonate ( EMS ) - CH^ SOpC^H^ 
(i) Manufactured by Koch-light LaboratorieLtd.,CoinBrook 
Bucks, England, 
(ii) EMS is a monofunctional alkylating agent, causes 
depurination, transition and formation of triesters in the 
backbone of DNA molecule. 
3.1.2.2. Sodium azide (SA)-NaN3 
(i) Manufactured by Indian Drugs and Pharmaceutical Ltd. 
(A Govt, of India undertaking), Hyderabad, India, 
(ii) It is used as respiratory inliibitor. During duplication of DNA 
by base transition mechanism, it causes point mutation. 
3.1.2.3. Hydrazine hydrate ( HZ ) - NH -^NH -^H^O 
(i) Manufactured by Sigma Company, Germany, 
(ii) It is a base analogue of nucleic acid and thereby 
causing gene mutation in the DNA molecule. 
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3.2. EXPERIMENTAL PROCEDURES 
3.2.1. Preparation of mutagenic solutions 
The solution of chemical mutagens EMS and HZ were 
prepared in phosphate buffer at pH=7, and solution of SA was 
prepared in phosphate buffer at pH=3. only freshly prepared 
solutions were used for all the treatments in the experiment. 
3.2.2. Pre-treatment 
Healthy and disease free seeds of each uniform size of 
each variety were used in the present experiment. The seeds were 
soaked in distilled water for 9 hours prior to the treatment with various 
mutagens of different concentrations. 
3.2.3. Mutagen administration 
Concentrations : The following concentrations of 
different mutagens were used for treating the pre-soaked seeds. 
EMS: 0 .1%, 0.2%, 0.3%, and 0.4% 
0.02%, 0.03%, and 0.04% 
0.02%, 0.03%, and 0.04% 
350 seeds were used for each treatment. 
The treatments were given at room tem-
perature (27 + PC ) for 6 hours duration. 
For each variety 350 pre-soaked seeds 
were again soaked in phosphate buffer 
for 6 hours to serve as controls. 
SA : 0.01%, 
HZ : 0.01%, 
Sample size 
Treatment time 
Controls 
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To facilitate uniform absorption, large quantity of 
solutions of mutagens approximately three times the volume of the 
seeds ( Konzak et a/.,1965 ), were used. During the treatment flasks 
containing the solution and seeds were frequently shaken to ensure 
sufficient aeration. Immediately after treatment the seeds were 
thoroughly washed in running tap water so as to remove excess of 
mutagen. 
3.3. Selection in different generations 
3.3.1. Mj generation 
Three replications of 100 seeds each, were sown for 
every treatment in each variety at the university Agricultural Farm; 
(Aligarh Muslim University, Aligarh). The distance between seeds 
in a row and between the rows was kept 30 x 60 cms respectively. 
Recommended agronomic practices were employed for preparation 
of field, sowing and subsequent management of the populations. 
The remaining lot of fifty seeds were used for detemining basic 
characters such as seed germination and seedling height i.e, root 
and shoot length. 
Seeds of each treatment with their respective controls 
of both the varieties were spread over moist cotton in petriplates. 
Finally the petriplates were kept in the B.O.D. incubator at 25 + 2"C 
temperature with the relative humidity of 97 %. 
3.3.2. Observations 
A detailed study of the effects of different mutagenic 
treatments in the two varieties was under taken using the following 
biological parameters: 
4 2 
3.3.2.1. Seed germination 
After recording germination counts, the percentage 
of seed germination was calculated on the basis of total number of 
seeds sown in petriplates. Seeds which gave rise to both radicle 
and plumule both were considered as criterion for germination of 
seed. 
No. of seeds germinated 
Germination (%) = x 100 
No. of seeds sown 
3.3.2.2. Seedling Height 
On the 10th day the seedling height was estimated by 
measuring the root and shoot lengths for each treatment along with 
control. Seedling injury as measured by the reduction in the root 
or shoot lengths or no development of both the organs or only 
one organs was calculated in terms of percentage of root and shoot 
injury. 
3.3.2.3. Plant Survival 
The surviving plants in different treatments were 
counted at the time of maturity and the survival was computed as 
percentage of the germinated seeds. 
No. of plants survived 
Percentage of survival = xlOO 
Total no. of seeds genninated 
3.3.2.4. Pollen fertility 
The pollen fertility was determined by staining the 
pollen grains with 1% acetocarmine solution. For this purpose 10 
or 15 plants at random were selected from each treatment including 
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their controls for both the varieties and 5 young flower buds from 
each plant were used for microscopic analysis. Pollen grains which 
took a deep stain and had a regular outline were considered as 
fertile, while the shrunken, empty and unstained ones as sterile. 
The following formula was used to calculate the 
percentage of pollen fertililty, inhibition or injury or reduction. 
Percentage inhibition 
or Control-treated 
Percentage injury = xlOO 
or Control 
Percentage reduction 
3.3.2.5. Cytological Studies 
For meiotic analysis young flower buds from 50 
individual plants for treatment and control were fixed in Carnoy's 
fluid (1 Glacial acetic acid: 3 Chloroform: 6 Ethyl alcohol) for at 
least 30 minutes. The fixed material was treated with saturated 
ferric acetate solution for 24 hours. The flower buds were washed 
and preserved in 70% alcohol. Anthers were smeared in 1% 
Propiono carmine and pollen mother cells (PMC's) were examined 
for detecting stages of microsporogenesis. Photomicrographs were 
taken from temporary preparations. 
3.3.2.5. Morphological abnormalities 
The plants showing abnormalities in cotyledons and 
leaves were recorded in the field.The frequency of cotyledonary 
abnormalities and of the abnormalities in size and shape of the 
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leaves in various treatments was calculated by the formula given 
below:-
No of seedlings showing cotyledonary abnormality 
or 
Cotyledonary abnormality No. of seedlings showing leaf abnormality 
or = xlOO 
Leaf abnormality Total no.of M Seedlings 
3.3.3. Mj generation 
For raising M, generation, 50 healthy seeds of both 
the varieties from each normal looking M, plant of all different 
treatments with their respective controls were planted in the plant 
progeny rows. The different treatments and controls comprised 
30-progenies. The spacing was maintained at 30 cm 
( plant to plant in a row ) and 60 cm ( between the rows ) in the 
field. Three replications were maintained in each treatment as well 
as in controls. 
3.3.3.1. Observations 
( i ) Chlorophyll mutations: Chlorophyll mutations were 
scored when seedlings were 8-15 days old. They were identified 
and classified according to Gustafsson (1940). The frequency of 
chlorophyll mutations was calculated by the following formula : 
No of mutant seedlings 
Mutation Frequency (%) = x 100 
Total no. of M, seedlings 
(ii) Mutagenic effectiveness and efficiency 
Mutagenic effectixeness is a measure of the frequency of 
mutation induced by unit dose of a mutagen ( time X concentration) 
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while mutagenic efficiency represents the proportion of mutations in 
relation to biological damage. 
Fomiulae suggested by Konzak et al (1965) were use to 
evaluate mutagaenic effectiveness and efficiency of the mutagens used. 
Rate of mutation (Mp) 
Mutagenic effectiveness = 
Mutagenic efficiency = 
Duration of treatment x concentration 
Rate of mutation (Mp) 
*BiologicaI damage in M generation 
* Biological damage : For measuring the biological damage, 
tliree different criteria were used: 
(i) Injury : i,e percentage reduction in seedling height (Mp/I) 
(ii) Sterility: i.e. Percentage reduction in pollen fertility (Mp/s) 
(iii) Meiotic aberration: i.e. Cell showing aberrant meiosis 
(Mp/Me) 
Observation were also made on 50-60 nonnal looking plant 
of each progeny, for each treatment with their controls. The progenies 
segregating for macromutations were not used for such analysis.The 
following eight quantitative characters were thoroughly studied in tliree 
different generations. 
(1) Days to flowering : Days to flowering were noted as 
the number of days taken by the plants from the date of sowing to date of 
opening of first flower bud. 
(2) Plant Height (cm) : Plant height was measured at ma-
turity from the base upto the apex of plant. 
(3) Days to Maturity : Days to maturity were noted as 
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the number of days taken by the plant from the date of sowing to the date 
of harvesting of the plant. 
(4) Number of fertile branches : Number of fertile 
branches were counted at maturity as the number of fertile branches which 
had more than one pod. 
(5) Number of Pods: Numbers of pods were counted at ma-
turity and noted as the number of pods borne on the whole plant. 
(6) Seeds per pod: Ten best pods were threshed and 
number of seeds per pod was counted. The mean was calculated for each 
plant. 
(7) 100 seed weight (g): It was the weight of a random sam-
ple of 100-seeds from each plant. 
(8) Total plant yield (g): Plant yield was the weight of to-
tal number of seeds harvested per plant and the yield of each plant 
was recorded in grams. 
3.3.4. Mj generation 
For raising the M^  generation of the mutagenic treated 
population, two treatments of each chemical mutagen for each variety 
were selected which gave the maximum total plant yield in 
M^ generation. The selected treatments were 0.1 and 0.2 per cent of 
EMS and 0.01 and 0.02 per cent of SA and HZ. For each of these 
treatments, such ten M, progenies were selected which showed significant 
deviations in mean values in the positive direction from the mean values 
of control, particularly for the yield and yield components under study. 
All the selected M, progenies of each treatment together with controls 
were sown in plant progeny row. The spacing was same as followed in 
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M^  generation. Fifty seeds from each selected M, plants were sown in the 
field.The plants showing morphological, chlorophyll, and other 
variations were discarded from each progeny. Seeds were taken only from 
the normal looking M^ plants.Observations were recorded for the 
quantitative characters on 30 nornial looking plants in each progeny and 
plants were harvested individually at maturity. 
3.4. Seed Protein estimation 
Protein content in the seeds of mutants isolated in M^ 
generation was estimated following the method of Lowry el aL (1951). 
For extraction of soluble and insoluble protein, seed powder was kept in 
an oven at 80"C overnight. Then it was cooled and 50 mg sample was 
transferred to a mortar and ground by a pestle with 5 ml of DDW. The 
ground material was collected in a centrifuge tube. The tube was 
centrifuged at 4000 rpm. The supernatant was collected in a 25 ml 
volumetric flask using 2-3 washing with DDW. Volume was made upto 
the mark with DW and kept for estimation of soluble protein. The residue 
was used for the estimation of insolube protein. 
3.4.1. Insoluble Protein estimation 
To the residue, 5 ml of 5% trichloroacetic acid (TCA) was 
added. The solution was shaken thoroughly and allowed to stand at room 
temperature for 30 minutes. It was then centrifiiged at 4,000 rpm for 10 
minutes and the supernatant was discarded. 5ml of IN sodium hydroxide 
was added to the residue and mixed well and kept for 30 minutes. The 
residue was allowed to stand in a water bath at 80"C for 30 minutes. Then 
it was cooled and centrifuged at 4,000 rpm. The supernatant together 
with three washings with IN sodium hydroxide, was collected in a 25 ml 
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volumetric flask. The volume was made upto the mark with IN sodium 
hydroxide. 
For the estimation of seed insoluble protein, 1 ml of 
sodium hydroxide extract was transferred to a 10 ml test tube and 5 ml of 
reagent D (Appendix I) was added and allowed to stand for 10 minutes. 
0.5 ml of reagent E (Appendix I) was added rapidly with 
immediate mixing. After 30 minutes, the solution turned blue. The 
optical density of the solution was read at 660 lun on "Spectronic - 20" 
colorimeter.A blank was run with each sample. The optical density of this 
solution was compared with standard curve, used for soluble protein. 
3.4.2. Soluble protein estimation 
For the estimation of soluble protein,! ml of water extract 
from supernatant was transferred to a 10 ml test tube. 5 ml of reagent 
C(Appendix) was added. The solution was mixed and allowed to stand 
for 10 minutes at room temperature. 0.5 ml of reagent E (Appendix I) 
was added rapidly with immediate mixing. 
After 30 minutes, the blue coloured solution was trans-
ferred to a colorimetric tube and its intensity was measured by reading its 
optical density (O.D) at 660 mn, using a "Spectronic - 20" colorimeter. 
A blank was run simultaneously. The soluble protein con-
tent was estimated by comparing the optical density of each sample with a 
calibration curve plotted by taking known dilutions of a standard 
solution of egg albumin. 
3.4.3. Standard for Proteins 
40 mg of egg albumin was taken in a 100 ml volumetric 
4 9 
flask, to which 1-2 ml of 0.1 N NaOH were added. The flask was rotated 
crefully placed on a water-bath for a short period (5-10 minutes) for 
heating. After the albmnin became solubilized, the volume of the flask 
was made upto the mark by double distilled water. From this solution a 
range of 10 volumes i.e. 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0 
ml was pipetted out to ten different test tubes. The solution in each test 
tube was diluted to 1ml by adding 0.9, 0.8, 0.7, 0.6, 0.5, 0.4, 0.3, 0.2, 
0.1 and 0.0 ml of double distilled water restpectively. 
In each test tube 5ml of reagent C (Appendix I) was 
mixed and allowed to stand for 10 minutes at room temperature. 
0.5 ml of reagent E(Appendix I) was then added rapidly with 
immediate mixing. The optical density (O.D) of the solution was 
read at 660 nm using a "Spectronic 20" colorimeter. A blank was 
also run simultaneously and a calibration curve was plotted. 
The soluble protein content was estimated by com-
paring the optical density of each sample with a calibration curve 
plotted by taking known dilutions of a standard solution of egg 
albumin. 
3.4.4. Total Seed Protein Estimation 
The total protein content of the seeds was obtained 
by adding the value for the soluble and insoluble protein content. 
3.5. Statistical analysis 
Data collected for eight quantitative characters in M^ 
and M^ generations were subjected to statistical analysis in order to 
assess the extent of induced variation, as indicated below: 
5 0 
3.5.1. Mean ( x ) 
The mean was computed by taking the sum of the 
number of values (x,, x^ , x^ )^ and dividing the total number of 
values (N) involved, thus: 
_ ^ (Xp \ \ ) 
N 
Z X 
X = _ " 
where x„ x, x = observations 
1' 2 n 
and N = total number of observations involved 
3.5.2. Standard error (S.E.) 
S.D. of Sample 
S.E. - 7= 
where, S.D. = Standard deviation 
N = Number of observations 
3.5.3. Genetic parameters 
Analysis of variance was done according to Singh and 
Chaudhary (1985) to find out the variance between the families and 
within the families. 
The components of variance considered were; 
( i ) within-family variation in the control and in the treated 
material which was an estimate of environmental variantion. 
(ii) between-family variation which was an estimate of 
the between fainily genetic variation. 
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3.5.3.1. Genotypic Variance 
The estimated of genotypic variance was ( 8- ) done by the 
following way: 
(MsBf) - (Mse) 
5=g = 
N 
where, 
(MsBf) and (MSe) = Mean sum of squares for between families 
and within families or error respectively, 
N = number of replications. 
3.5.3.2. Genot> pic coefficient of variation (CV g) 
CVg(%)- " C ? X 100 
3.5.3.3. Phenotj'pic variance 
Phenotypic variance was estimated by summing the 
estimated genotypic variance (8-g) was to the environmental 
variance. 
( MSe or 8-e ). 
8-p =" 8-g + 8-e 
3.5.3.4. Phenot>pic coefficient of variation 
CVp(%)= ^ _ ? X 100 
X 
3.5.4. Heritability (h^) 
It is the ratio of the genotypic variance to the total 
phenotypic variance. The broad-sense heritability (Ir) was estimated 
by the formula suggested by Johnson et. al (1955). 
5 2 
h^  (%) = - ^ ^ ' 0 0 
where 8-g = induceds genotypic variance 
5-t = total phenotypic variance 
(8-t == 8-g + 8-e) calculated from the treated populations. 
3.5.5. Genetic advance (Gs) 
The estimates of genetic advance (Gs) with 1% 
selection intensity were based on the formula derived by Allard 
(1960) and modified by Khan (1979). 
Gs = K. 8-p. h^  
h' = broad sense heritability 
8-p = phenotypic standard deviation of the mean perfonnance 
of treated population. 
K =2 .64 constant for 1% selection intensity 
Gs(%ofx)= —r- X 100 
X 
3.5.6. Test of significance 
In order to compare the means of various treatments, 
critical difference (CD.) was calculated according to the formula 
suggested by Singh and Chaudhary (1985). 
If the differences between any two treatment means is 
greater than calculated CD. value obtained at 5% and or 1% level, 
the difference between the two means is taken to be significant at 
5% and /or 1% level. 
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Chapter - 4 
EXPERIMENTAL RESULTS 
Results of the present investigation are elaborated 
below, generation-wise. 
4.1. Mj generation 
The effects of chemical mutagenic treatments were 
studied on seed germination, seedling height, morphological 
abnormalities (such as those of cotyledonary leaves and foliage 
leaves), plant survival, pollen fertility and meiotic chromosomal 
abnormalities in M, generation. For the determination of variation, 
the plants raised from treated seeds were compared with those of 
control (untreated) plants. 
4.1.1. Seed germination 
The data recorded on seed germination are presented 
in Table 4. A gradual decrease was observed in seed germination 
with the increasing concentrations of mutagens in both the varieties, 
viz., Asha and K-851. Both the varieties responded differently to 
various mutagenic treatments. In variety Asha, the control plants 
showed 98.33% germination. The different concentrations of EMS 
caused a gradual decrease in seed germination, it ranges from 93.33% 
with lowest concentration (0.1%) and 73.33% with the highest 
concentration (0.4%) of EMS treatment. The other variety (K-851) 
also behaved more or less in the similar way. 
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111 variety Asha, the percentage of seed germination 
ranged from 90.66 to 68.33 % with SA treatments and from 94.66 to 
69.66 % with HZ treatments. Similarly in the var. K-85, it declined from 
87.00 to 58.33 % with SA treatments and from 93.33 to 67.33 % 
with HZ treatments. 
The percentage of inhibition also increased from 
lower to higher concentrations of mutagenic treatments in both the 
varieties. It was maximum (40.27 %) with 0.04% of SA in var. K-851. 
Both the varieties showed the highest percentage of inhibition in seed 
germination with SA. 
In general, the germination started on the second day 
after sowing the seeds in field in case of controls of both the varieties. 
It was delayed by more than two days in the lots treated with higher 
concentrations of all the three mutagens used, SA showed a more 
severe effect in both the varieties. The var. K-851 showed greater 
sensitivity to the mutagenic treatments. 
4.1.1.1. Seedling height 
The results of seedling height presented inTables 5-7, 
show that all the mutagenic treatment caused a reduction in seedling 
height. The reduction was more pronounced in SA - treated 
population than in those treated with other two mutagens. The 
variety K-851 was relatively more sensitive with respect to the effect 
on seedling height. 
The percentage of injury in the seedling height, as 
measured by reduction in root and shoot length of ten days old 
seedlings, increased with the increasing mutagenic concentrations in 
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both the varieties. In var. K-851 the seedling injury ranged from 9.02 
to 31.79 % in the treatment of EMS, and 8.22 to 29.78 % in HZ 
treatments. The injury was more drastic in SA treatments, ranging 
from 11.03 to 48.84 %. 
4.1.2. Morphological abnormalities at seedling stages 
4.1.2.1. Cotyledonary leaves 
The frequency of cotyledonary abnormalities such as 
seedlings with one cotyledonary leaf, three and four cotyledonary 
leaves were also recorded in M, generation (Table 8, Plate-I, Figs. 1-4). 
These abnormalities were recorded in the population 
of both the varieties treated with EMS and HZ. The frequency of 
abnormalities in both the varieties was found to increase with the 
increase in concentrations of mutagens. In var. Asha, it ranged from 
0.33 to 2.66% with EMS treatment,while in case of HZ, a range of 
0.33 to 1.66 % was recorded from 0.02 to 0.04 % respectively.No 
such abnormalities in cotyledons were recorded for SA treatments 
except in the var.Asha at 0.04% SA. The cotyledons in other 
treatments were as normal as those of control. 
4.1.2.2. Leaf morphology 
Various kinds of leaf abnormalities such as damage in 
shape, size and number (uni-, bi-, tetra and pentafoliate) were observed 
in treated plants (plate-II, figs. 1-4). However, the frequency of these 
abnormalities was greater at higher concentrations of mutagens in 
both the varieties (Table-8). It was the highest in var. K-851 followed 
by the var. Asha. Sodium azide (SA) treatmeiits'did not induce leaf 
anomaly in var. Asha, whereas in var^ yK-851 0.04% S^ Showed leaf 
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abnormalities. A brief account for each type is given below. 
(a) Narrow leaflets : Few plants with narrow leaflets were 
encountered in the EMS and HZ treated population in both the 
varieties. 
(b) Unifoliate : Different treatments of EMS and HZ 
caused leaves to form a single leaflet ( the leaf appearing to be 
simple, instead of being trifoliate as in the control). The leaves were 
broader, thicker and with wavy margins, compared to those of 
control. 
(c) Bifoliate : Bifoliate leaves were recorded with all the 
treatments of EMS and HZ and in both the varieties, their frequency 
showing a positive correlation with the mutagenic concentrations. 
All floral parts were modified into leafy structures. 
(d) Multifoliate : Plants with multifoliate (tetra- and 
pentafoliate) leaves were more frequent in occurrence at higher 
concentrations of mutagens in both the varieties viz., Asha and K - 851. 
Such plants were vigorous in growth (plate-II, figs.3-4) . 
4.1.3. Plant survival 
Data on plant survival in M, generation recorded at 
the time of maturity is given in the table 4. A gradual decrease in 
survival was observed with the increase in dose of the mutagen. The 
highest plant survival was observed in the controls of both the 
varieties. 
4.14. Pollen fertility 
The pollen fertility is one of the most important, stable 
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and genetically controlled character which may be considered for 
hybridization as well as to study the cytological affect to assess the 
effectiveness and efficiency of mutagens. About 3.0 % pollen sterility 
was also observed in control plants but pollen fertility was dose 
dependent as evident from a proportionate decrease in fertility with the 
increasing concentrations of mutagens in both the varieties (Table 9). 
The highest percentage of reduction was recorded in 
EMS followed by HZ and SA. The fertility was the lowest 65.59 % 
and 62.95 % in at 0.4 % EMS in the varieties Asha and K-851 
respectively. It ranged from 87.66 % to 65.59 % in variety Asha 
and 84.22 % to 62.95 % in variety K-851. The variety K-851 was 
found to be more sensitive than Asha. 
4.1.5 Meiotic chromosomal abnormalities 
Different kinds of meiotic chromosomal abnormalities 
with different frequencies were observed in M, generation in both 
the varieties of mungbean in different mutagenic treatments. The 
frequency of meiotic chromosomal abnormalities are presented in 
Tables 10-11. Univalents, Trivalents, multivalents, laggards, bridges and 
micronuclei were recorded in both the varieties (Plate III, Figs.l- 6). 
Univalents and laggards were observed in high frequencies in all 
mutagenic treatments. Multivalents were observed in low frequencies, 
trivalents and micronuclei were found in moderate frequencies. The 
frequencies of chromosomal abnormalities increased with the increase 
in mutagenic treatments. The highest frequency was recorded in EMS 
followed by HZ. The var. K-851 was found to be more sensitive than 
var. Asha. 
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4.1.6. Effect of mutagenic treatments on quantitative 
characters 
The data on the effect of various treatments of EMS, 
SA and HZ are presented in Appendices II and III. Statistical analysis 
was done to find out mean, standard error and coefficient of variation 
(C.V.) for eight different quantitative characters in both the varieties 
of mungbean. It is generally believed that after mutagenic treatments, 
no change is caused in mean and variance in M, generation. In the 
present study also, means for all the quantitative traits remained 
unchanged in both the varieties. Coefficients of variation was the 
highest in EMS treated population followed by HZ and SA. Though 
increase in 'CV of the treated material was of low magnitude, yet it 
differed from character to character. The highest increase in CV over 
the control were recorded for fertile branches per plant (55.28 %) 
and pods per plant (46.88 %). 
4.2. Mj generation 
4.2.1. Seed germination 
A gradual decrease was obser\ed in seed germination 
with the increase in the concentration of mutagens (Table 12). In the 
var. Asha, the percentage of seed germination was 96.42 % in control, 
whereas in the treatments it ranged from 94.40 % to 78.33 % with 
EMS, 91.40 % to 76.10 % with SA and 94.80 % to 79.65 % with 
HZ respectively. The var. K-851 has shown slight reduction in seed 
germination. It ranged from 92.62% to 71.05 % with EMS, 89.33% 
to 65.33 % with SA and 94.00% to 71.30 % with HZ respectively. 
Although, the inhibition percentage increased with the 
increase in the concentration of mutagens, the increase was not higher 
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than M, showing that the effect of mutagen ceased to some extent in 
Mj generation (Table 12). 
4.2.2. Chlorophyll mutations 
Chlorophyll mutations were recorded in the field in M^ 
generation when seedling were 7 to 15 days old. A total of six types 
of chlorophyll mutants (Albina, Xantha, Chlorina, Maculata, Viridis, 
Virescent) were isolated at seedling stage from the M, segregating 
progenies of both the genotypes viz., Asha and K-851. It was 
observed that in many cases the seedlings which initially looked to 
be normal started showing different types of chlorophyll defects at 
the later stage of growth. All these chlorophyll deficient mutants were 
lethal except maculata, Viridis, and Virescent which produced few 
seeds. A brief description of these chlorophyll mutants is given below: 
(i) Albina: It is a lethal mutation characterised by 
entirely white leaves of seedling. The seedling survived for about 8 
to 10 days after germination or two-leaf stage. 
(ii) Xantha: Leaves are completely yellow in colour. 
Seedlings showed normal growth in the beginning, and survived for 
8 to 12 days only. Mutants were lethal. 
(iii) Chlorina: The first pair of leaves in seedling was 
light green in colour. The emerging leaves were also light green. These 
became darker with the approach of maturity, but never regained the 
normal green. Most of the seedlings died within 15 days. However, 
few plants possessed vigour and were late in flowering and maturity. 
(iv) Maculata: Seedlings showed yellow or whitish 
patches on the surface of leaves The trifoliate leaves were initially 
6 0 
very small. These mutants were viable till maturity and produced few 
seeds. 
(v) Viridis : Leaf size was reduced but leaf shape remained 
unaltered. The plants were slow growing and had a reduced size and a 
low seed yield. The mutant was distinguished because of its reduced 
height and viridine green colour of leaves. 
(vi) Virescent: Seedling leaves were yellowish green but 
afterward turned light green and colour persisted till the plants 
matured. Initially these plants were slow growing and less vigorous, 
but gradually regained normal growth and at maturity were as vigorous 
as the normal plants. 
4.2.2.1. Frequency and spectrum of chlorophyll mutations 
The frequency and spectrum of six different 
chlorophyll mutants were summarised in Tables (13-14). The 
chlorophyll mutation frequency was calculated on progeny basis as 
well as on M, plant basis. The trend of the mutation frequency was 
similar in both the methods. Therefore, results are dealt with on an 
M, plant basis. The var.K-8.*51 has shown the greater frequency (%) 
of chlorophyll mutation as compared to the variety Asha. The 
frequency of chlorophyll mutant types were observed highest in 
chlorina followed by Viridis, Xantha, maculata, virescent and albina. 
In both the varieties, the chlorophyll mutation frequency increased 
with the increase in the concentration of mutagen. The EMS induced 
higher mutation frequency followed by HZ and SA. 
4.2.2.2. Mutagenic effectiveness and efficiency 
Data on effectiveness and efficiency for treated 
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population of the varieties Asha and K-851 are presented in (Tables 
15-16). Effectiveness decreased with increase in dose of the mutagens 
in both the varieties. It was as higher a 666.66. with 0.01% HZ in the 
var. K-851 (Table 16). 
Lower concentrations were most effective in all the 
mutagenic treatments in both the varieties when compared to the higher 
concentration. The order of mutagen based upon effectiveness was 
HZ, followed by SA and EMS (Tables 15-16). 
The mutagenic efficiency varied depending on the 
criteria selected for its estimation. In the present study, the mutagenic 
efficiency, worked out on the basis of seedling injury (Mp/I), pollen 
sterility (Mp/S) and meiotic aberrations (Mp/Me), showed a decline 
with increasing concentrations in both the varieties of mungbean 
(Tables 15-16). 
The mutagenic efficiency as calculated by the relation 
(Mp/I), which gave 7.315,2.921 and 8.062 values for EMS, SA and 
HZ respectively, in the var. Asha, whereas in the var. K-851, the 
efficiency values were 3.365, 1.560 and 3.227 for EMS, SA and HZ 
respectively, with reference to seedling injury, the order of efficiency 
was HZ > EMS > SA in the var. Asha, and EMS > HZ > SA in the 
var. K-851 (Table 17). 
The mutagenic efficiency, as measured by the 
percentage of mutated progenies divided by pollen sterility (Mp/S), 
was EMS > HZ > SA The order of efficiency on meiotic aberrations 
(Mp/Me) basis was highest in EMS treated populations followed by 
HZ. SA treatments did not induce meiotic aberrations in both the 
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varieties (Table 17). The efficiency calculated on the basis of seedling 
injury was generally higher as compared with that based on sterility. 
4.2.3. Plant survival 
Data on plant survival in M^  generation was recorded 
at maturity (Table 12). Survival percentage of M^ plants decreased 
considerably in the mutagenic treatments of both the varieties of 
mungbean. 
4.2.4. Pollen fertility 
The pollen fertility in M, generation decreased with the 
increasing mutagens concentrations and consequently the sterility 
increased (Table-18). Compared to control, reduction in pollen 
fertility in the treated population was higher. But it was quite less 
than the M^  generation because in M, generation the pollen fertility 
showed a considerable recovery. Maximum pollen sterility was noticed 
in EMS treated populations followed by HZ and SA in both the 
varieties Asha and K- 851. 
4.2.5. Morphological mutations 
Selection of effective and efficient mutagens is very 
essential to recover high frequency of desirable mutations.The control 
as well as the mutagenized populations were screened for all 
phenotypically detectable mutations at different stages of growth in 
M, generation in both the varieties of mungbean. A wide range of 
morphological mutations were identified in M, population. The extent 
of variability was assessed in terms of mutation frequency (Table 
19, Plate IV, Figs. 1- 6). These mutants were classified on the basis 
of the trait affected. The important features observed in mutants are 
described below: 
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( i ) Mutations affecting plant height 
(a) Tall mutants: These mutants were observed with all 
the treatments and in both the varieties. Their frequency was more at 
lower concentrations and decreased with the increasing 
concentrations. The mutants were considerably taller than the control 
plants, their mean height 69.63 cm, whereas it was 62.60 cm for the 
control plants. The pods and seed setting was slow and seeds were 
smaller in size. They appeared at a frequency of 1 7.78% of the total 
morphological mutations. 
(b) Dwarf mutants: Dwarf mutants were observed in a 
large population. These mutants were isolated from the higher 
concentrations of the mutagens used in both the varieties. Such plants 
have short internode and almost ail the yield components were 
reduced. The mean height of the control was 62.60 cm where it was 
42.21 cm in the dwarf mutants. Their frequency was 10.78% of the 
total morphological mutations. 
( ii ) Mutations affecting growth habit 
(a) Bushy mutants: In this type of mutant the branching 
system was very profuse. Branches were short and the plant height 
was extremely reduced giving it a bush like appearance. The mean 
height of the mutants was 32.69 cm. Their occurrence was 
independent of the dose and they occurred more frequently in the 
var. K-851 as compared to variety Asha. The frequency of these 
mutations were 9.43% of the total morphological mutations. 
(b) Prostrate mutants: These plants had the tendency of 
lying close to the ground at least for some distance and then rising 
64 
up. The plant had sparse branches and reduced vigour was noticed 
with EMS, SA and HZ treatments. They appeared at a frequency of 
14.82 % of the total morphological mutations. 
(iii) Mutations affecting growth period 
(a) Late flowering mutants: From the treated population 
of mutagen used in the present investigation, several late flowering 
mutants were isolated. In these plants flowering character might have 
mutagenic effect; ultimately resulted in late flowering. In these plants, 
the flowering started 8-10 days late and growth period was extended 
by a similar number of days when compared to control plants. These 
mutants were 13.61% of the total morphological mutations. 
(b) Early maturing mutants. Early maturing mutants were 
scored out in all the treatments and in both the varieties studied. 
However, their frequency was more in EMS treatment. These mutants 
matured 9-12 days ahead of their respective control. The frequency 
of such mutations was 10.51% of the total morphological mutations. 
(iv) Mutations affecting yield: The mutants affecting mostly 
yield attributes, were noticed and are described below: 
(a) Increased number of fertile branches: These 
mutants were observed in both the varieties at lower concentrations 
of mutagens. The number of fertile branches per plant in control was 
5.26, while it was 10.09 in the mutants. These mutations are accounted 
for 8.89% of the total morphological mutations. 
(b) Increased number of pods: In these mutants, the 
number of pods increased over the control. These were isolated from 
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all the treatments of mutagens and in both the varieties viz., Asha 
and K-851. The number of pods was 45.53 in control and 70.82% in 
the mutants, respectively. Some 9.70% of the morphological mutations 
are of this type, 
(v) Mutations affecting flowers 
(a) Non-flowering vegetative mutants: These mutants 
were noticed in EMS and HZ treatments in the varieties Asha and 
K-851. These mutants did not bear any flower. Frequency of these 
mutations was 2.29% of the total morphological mutations, 
(vi) Mutations affecting seed 
(a) Bold seed mutants: The mutant however, possessed 
bold seeds. This type of mutants were observed only in the var.K-851 
with 0.1 and 0.2% of EMS treatments. The frequency of these 
mutations was 2.15% of the total morphological mutations. Number 
of seeds per pod were obviously less. 
4.2.5.1. Frequency of morphological mutations 
The highest frequency was noted in the EMS treated 
material (6.09%) and the lowest with SA (4.92%) ,while HZ treatments 
(5.32%) were intermediate (Table 20). In the var. K-851, it was highest 
(5.99%) followed by (4.99%) in the var. Asha. 
4.2.6. Quantitative traits 
In the present investigation the genetic variability 
induced for eight quantitative characters by chemical mutagens was 
studied in two varieties viz., Asha and K-851 of mungbean in M, 
generation. Attempts were made to isolate micromutations using 
statistical methods for these polygenic traits. In each treatment. 
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Statistical analysis was made to determine mean, shift in mean, 
phenotypic and genotypic coefficients of variation, heritability and 
genetic advance (as percentage of mean). 
(1) Days to flowering 
Data on mean values, shift in mean , phenotypic and 
genotypic coefficient of variation , heritability and genetic advance 
for days to flowering for treated and control population are given in 
table 21. The mean values show both positive and negative shift from 
the control values. The positive trend was observed at the lower 
concentrations of the mutagens. However, both the varieties , showed 
an insignificant delay in days to flowering as compared to control . 
The mean days to flowering reduced significantly by approximately 
3 days with 0.4% EMS treatments in both the varieties of mungbean. 
In general , the phenotypic and genotypic coefficients 
of variation increased in the treated populations , the EMS treatment 
being the most effective in the in this regard followed by HZ and SA 
treatments. Though the concentration has increased in a linear order, 
yet the induced genotypic coefficient of variation did not show a 
consistent increase. The highest genotypic variability (5.90%) was 
recorded with 0.1% EMS in the var. K-851 . The range of variability 
did not show much variation in both the varieties studied. 
The highest heritability estimates were observed 
78.22%, 78.56%, and 85.40% at 0.1% EMS, 0.01% SA and 0.03% 
HZ in the var. Asha, whereas it was highest 88.00%, 85.82% and 
83.59% with 0.4% EMS, 0.01% SA, and 0.01% HZ treatments 
respectively in the var. K-851. 
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The genetic advance, expressed as percentage of mean, 
varies from treatment to t/eatment. The maximum genetic advance in 
the treated population of var. Asha 10.03% with 0.03% HZ, whereas 
it was highest 11.61% with 0.1% EMS in the var. K-851. 
(2) Plant height (cm) 
The data recorded on plant height are presented in Table 
22. Its is clear that most of the treatments of the mutagens used were 
capable of inducing immense variation in this character. The mean 
shifted to the negative direction in most of the treatments with few 
exceptions. Plant height showed a greater reduction in the population 
treated with SA. The higher concentrations of the other two mutagens 
(EMS and HZ) brought about significant reduction in plant height. 
No significant reduction in plant height was recorded in the var. Asha 
with HZ treatments. 
The phenotypic and genotypic coefficients of 
variation were higher in almost all treatments. The highest genotypic 
coefficient of variation 10.17% with 0.2% EMS treatment, 9.21% at 
0.3% EMS and 7.26% at 0.04% HZ in the var. Asha. In the var. K-851 
it was 10.06% with 0.1% of EMS and 11.57% with 0.01% HZ. 
Heritability values varied from 29.59 % to 79.30% in 
the var. Asha and 31.56% to 75.28% in the var. K-851 in terms of 
amount of genetic variability. For EMS treatment, the highest 
heritability value (79.30%) was recorded in the var. Asha, whereas in 
SA treatment it was 73.08% for the var. K-851, and 74.00% was 
observed in HZ treated population of the var. Asha. 
The highest genetic advance was recorded with 0.2% 
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EMS (23.80%) in the var. Asha, whereas it was (24.05%) at 0.01 % 
HZinthe var. K-851. 
(3) Days to maturity 
A glance at Table 23 shows the range of morphological 
variation in the treated population has an important bearing on the 
estimation of variation on mean, shift in mean, coefficient of phenotypic 
and genotypic variation, heritability and genetic advance. The analysis 
of the effects of the different mutagens upon days to maturity reveal 
that the mean for days to maturity was shifted toward the negative 
side in all the mutagen treatments. There was slight decrease in mean 
values at lower mutagenic concentrations in both the varieties. 
However a significant reduction in mean values was observed in the 
higher concentrations of the mutagens except with SA treatments in 
the var. Asha. The highest reduction in mean was observed in the 
var. K-851 followed by var. Asha with 0.4% EMS. Reduction in 
mean, in EMS treated population was more as compared with other 
mutagens in both the varieties. 
The phenotypic and genotypic coefficients of variation 
increased considerably in most of the treatments. A relatively higher 
genotypic coefficients of variation was recorded in the treatments of 
EMS. This was compared with the material treated with SA and HZ. 
The highest phenotypic (5.12%) and genotypic (4.34%) variation were 
observed at the 0.1% EMS treatment in the var. K-851. 
The heritability estimates increased for all the mutagen 
treatments except for 0.04% SA in the var. Asha whereas it decreased 
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69 
than control. The heritability was highest 51.89% in the var. Asha 
and 85.12% in the var. K-851. 
The highest genetic advance (6.61 %) was recorded with 
0.2% EMS treatment in the var. Asha and 9.58% with 0.1% EMS in 
the var. K-851 
(4) Number of fertile branches 
The data recorded on number of fertile branches per 
plant are given in Table 24. The range of variability of mean shifted 
in both positive and negative directions. In general, there was an 
increasing trend of mean values of the fertile branches in almost all 
the lower concentrations of mutagens in both the varieties. 
A glance at the data shows that the phenotypic and 
genotypic coefficients of variation increased with all the treatments 
in both the varieties. The exception was noticed in the var. Asha 
where the phenotypic coefficients of variation was lower as compared 
to the control. The maximum coefficient of genotypic variation 
(19.48%) was recorded with 0.2% EMS treatment in the var. Asha. 
The value of heritability increased in all the mutagen 
treatments of both the varieties, except with few treatments in the 
var. K-851, where it was comparatively low against control. The 
highest values of heritability (87.64%) and genetic advance (47.78%) 
was noticed at 0.2% EMS in the var. Asha, whereas in the var. K-851, 
the heritability (46.55%) and genetic advance (2 ] .85%) where highest 
at 0.01% of EMS treatment. 
(5) Number of pods 
The number of pods showed much variation in treated 
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70 
populations as compared to their respective controls in both the varieties. 
The data recorded on pods per plant are presented in Table 25.The 
results in general, showed that mean shifted in both positive as well 
as negative directions, its stretch being more towards the positive 
side. The lower concentrations of the mutagens significantly increased 
the mean number of pods while the mean was also reduced 
significantly with higher mutagenic treatments in both the varieties of 
mungbean. In general, the mean values increased more in the var.K-85 1 
than the var. Asha. 
The phenotypic and genotypic coefficients of variation 
was highest in EMS treatments followed by HZ and SA in both the 
varieties. The highest genotypic coefficient of variation (9.48%) was 
recorded with 0.2% of EMS in the var. Asha, whereas it was highest 
(13.47%) at 0.1% EMS in the var. K-851. 
The estimated heritability increased with all the 
treatments of mutagens, the highest values obtained being 77.05% in 
the var. Asha, whereas it was 84.79% in the var. K-851. 
The genetic advance also showed considerable variation 
for the number of pods per plant, the highest values were observed 
at 0.2% EMS (21.94%) in the var. Asha and at 0.1% EMS (30.62%) 
in the var. K-851. 
(6) Number of seeds per pod 
Table 26 represents the data recorded on seeds per 
pod after various mutagenic treatments. The shift in mean was 
bi-directional, being more in the positive direction. In the mutagenized 
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material, mean values for seeds per pod increased significantly with 
few exceptions In the material treated with SA, the mean values were 
insignificantly higher in both the varieties. 
The phenotypic and genotypic coefficients of variation 
increased with all the treatments in both the varieties. The EMS 
treatments fetched greater response for this character as indicated 
by the higher values of genotypic coefficients of variation. 
The values of heritability and genetic advance for seeds 
per pod were 47.96% and 12.91% respectively at 0.2% EMS in var. 
Asha. However, in the var. K-851, heritability estimates and genetic 
advance were 28.81% and 11.10% respectively at 0.1% EMS. 
(7) 100 seed weight (g) 
The nature of the seed of a crop is an important 
quantitative character which plays role with regard to the seed yeild 
of the plant. The data recorded for the 100 seed weight showed that 
mean was extended in both the directions in the treated populations 
of mungbean (Table 27). The mean of 100 seed weight showed a 
slight and significant improvement over the controls at lower 
concentrations of all the mutagens used. However, the HZ treatments 
(except 0.01% HZ), showed insignificant increase in mean values in 
the var.Asha. 
The phenotypic coefficient of variation was increased 
with almost all the treatments of mutagens. The genotypic coefficient 
of variation was higher in the treated populations as compared to 
their respective controls. The EMS treatments being the most effective 
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in increasing the mean of 100-seed weight in both the varieties. In 
EMS treatments, the highest (10.02% in the var. Asha) and (10.13% 
in the var. K-851) coefficient of variation was obtained at 0 .1% and 
0.2% EMS treatment. 
The mutagenised population showed an increase in 
heritability over the controls for 100 seed weight also, with few 
exceptions at some treatments. The estimated heritability and genetic 
advance were highest 73.91% and 20.22% in the var. Asha and 80.57% 
and 23.75% in the var. K-851 with 0.2% of EMS treatment. 
(8) Total plant yield (g) 
Table 28 revealed about the data recorded on yield 
per plant. The mean values shifted in both the directions in the treated 
population. In general, the lower concentrations of all the three 
mutagens significantly increased the mean yield per plant in both the 
varieties. However, it was significantly reduced with the lot treated 
with higher concentrations, with the exception of 0.03% HZ treatment 
in the var.Asha. 
The phenotypic coefficient of variation increased over 
control with all the treatments in both the varieties. The genotypic 
coefficient of variation was highest (9.14%) in the var. Asha and 
(13.84%) in the var. K-851. 
The heritability estimates increased in both the varieties, 
indicating that significant gains could be expected from selection.The 
estimates for mean yield per plant were the highest 72.38% at 0.1% 
EMS in the var. Asha and 77.59% with 0.02% HZ treatment in the 
var. K-851. 
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The genetic advance increased appreciably in the 
mutagenised populations. It was maxiinuin at 0.1% EMS in both the 
varieties. 
4.3. Studies in M3 generation 
Quantitative inherited characters require special 
consideration in view of the fact that restriction of material that is to 
be carried forward to the next generation. The variability induced by 
EMS, SA and HZ in different quantitative charecters in both the 
varities viz., Asha and K-851 of mungbean was also studied in M^ 
generation. 
4.3.1 Quantitative traits 
(1) Days to flowering 
The data recorded for days to flowering in M^ 
generation are given in Table 29. The mean flowering period was 
reduced with all the treatments in both the varieties. The mean value 
of treated population differed significantly from the control. The 
exceptions being noticed with 0.01% with SA and 0.02% HZ in 
varieties Asha and K-851 where mean flowering time reduced 
insignificantly. The time occurred approximately 3 days earlier than 
control, at 0.2% EMS in the var. Asha. All the mutagenic treatments 
increased the phenotypic and genotypic coefficient of variation in 
both the varieties, the values varying with different mutagenic 
treatments. 
The estimated value of heritability and of the genetic 
advance increased in the mutagenized population. However, they did 
not show a consistent increase with dose. 
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(2) Plant height (cm) 
Table 30 reveals that the mean values for plant height 
decreased in both the varieties of mungbean viz., Asha as well as K-851. 
In the var. K-851, a considerable reduction in plant height was noticed 
with almost all the mutagenic treatments, whereas in var. Asha the 
plant height reduced significantly with 0.02% HZ treatment. 
The phenotypic and genotypic coefficients of variation 
increased in almost all treatments of the mutagens. The highest 
genotypic coefficient of variation was reduced in the EMS treated 
population. 
The values of heritability was a bit higher in the var. 
Asha as compared to var. K-851 The highest variability estimates of 
51.80% was obtained after treatment with 0.1% EMS in the var. Asha. 
The genetic advance was similarly affected. 
(3) Days to maturity 
The data on days to maturity are presented in table 31. 
The mean days to maturity was shifted in the negative direction in 
the mutagenised population. All the mutagenic treatment significantly 
reduced the mean days to maturity in the var.Asha. However, 
significant reduction in mean values was noticed with SA treatments 
only in the var. K-851. 
The phenotypic coefficient of variation was recorded 
higher in the treated populations. The genetic parameters did not 
show much variation in the treatments. On the whole, the highest 
estimated genotypic coefficient of variation (3.37%), heritability 
(62.69%) and genetic advance (6.95%) was recorded at 0.2% EMS 
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in the var. Asha. The EMS treatments resulted in larger variation in 
both the varieties than other two mutagens. The highest estimated 
variability of EMS was obtained in the var. Asha with the lower doses 
of the mutagen. 
(4) Number of fertile branches 
There was a considerable increase in the mean values 
of the number of fertile branches in both the selected treatments of 
the mutagens is given in Table 32. It is clear from the table that 
mean values were also significantly higher than controls as well as 
EMS treatments were more effective in increasing the mean values 
than the other two mutagens viz., SA and HZ. The phenotypic as 
well as genotypic coefficients of variation was also high in the treated 
material. The highest coefficient of genotypic variability was recorded 
with the treatment of 0.2 % EMS in the var. Asha and it was 9.82 
per cent. 
The highest heritability estimates (34.90%) was 
observed with 0.1% EMS in the var K-851. The genetic advance 
was most pronounced in the EMS treated population followed by 
HZ and SA. 
(5) Number of pods 
The data recorded for pods per plant in the different 
treatments is given in Table 33. A comparison between number of 
pods were made in the treated as well as control populations.Table 
33 points out that the mean value increased in all the treatments of 
EMS, SA and HZ in both the varieties as compared to the controls. 
The mean values for number of pods per plant for the treated 
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population varies significantly with that of the control. 
The phenotypic and genotypic coefficients of variation 
were increased in their values in all the treatments of the mutagens. 
The highest genotypic coefficient of variation (5.34%) was observed 
with 0.1% EMS treatment in the var. K-851. 
The highest heritability estimates (34.32%) was 
recorded for the 0.1% EMS treatment in the var. Asha. High 
heritability coupled with high genetic advance was more in EMS 
treated populations compared to other two mutagens used in the 
present study. 
(6) Number of seeds per pod 
Table 34 reveals that there was a significant increase in 
the number of seeds per pod as compared to control,, in all the 
treatments (except SA treatments in both the varieties) of the 
mutagens. Mean values of the coefficient of genetic variation 
(phenotypic and genotypic), heritability and the genetic advance 
increase with each treatment in both the varieties. 
In general, EMS mutagenic treatments gave higher 
values of heritability as well as the genetic advance as compared to 
the SA and HZ, in both the varieties. 
(7) 100 seed weight (g) 
100 healthy and uniform sized seeds weight(g) were 
taken and the data recorded which revealed that the mean values 
increased significantly with each treatment with some exceptions are 
given in Table 35. 
The genetic parameters including genetic variability, 
heritability and genetic advance increased in the treated populations 
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in both the varieties as compared to the control. The values of 
heritability were the highest 50.48% and 56.34% in both the varieties 
Asha and K-851, respectively. 
A high genetic advance was observed in the EMS treated 
populations as compared to SA and HZ treated material. 
(8) Total plant yield (g) 
Table 36 meant for representing the data on the total 
yield per plant, show that there was a general increase in the mean 
values for each treatment in both the varieties. The mean value in the 
treated population significantly varies as compared to the control. 
The phenotypic and genotypic coefficients of variation, 
heritability (with a very few exceptions) and genetic advance 
increased in both the varieties after the mutagenic treatments. The 
increase in the phenotypic coefficient of variation and the genetic 
parameters was higher with 0.2% EMS treatment in the var. K-851. 
4.4. Screening of high yielding mutants 
The most desirable character in plant breeding programme 
is considered as yield per plant and its yield component. The details of 
mutants isolated as high yield, seed yield/pod etc., in M^ generation and 
of their parents are given in Table 37(Plate-V ( fig.l- 4 and plate VI, fig. 
1- 4) . Certain mutants which were distinctly much superior to the other 
with the regard to seed yield per plant were selected in M^ generation and 
grown in progeny rows in M^ generation and were evaluated not only for 
the seed \ield but also for the other characters. The frequency of 
occurrence of mutant plants were rather krWireOlisTderiiTg the large size 
of the M, population raised. . ' ' \ , i.- ^ i 
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The data on mean values, range, shift in mean, coefficient 
of phenotypic and genotypic variation, heritability and genetic advance 
of different mutants and their parents in M^  generation are also presented 
in (Tables 38 - 39). Selection form M, generation for higher have mean 
yield in M^  generation showed a range of 14.02- 16.37 g (Asha-A) and 
15.00-17.15g (Asha - B) yield per plant in comparison to the control 
which range of 8.15 - 10.35 g (var.Asha). 
The mutant K-851-A, selected from 0.1% EMS has 
given the highest plant yield of 18.02 g in M^ generation, having a 
range of 18.00-19.10 g yield per plant. The mutant namely K-851B, 
(15.76g),K-851-C(16.06g)andK-85] -D(16.11 g) have also shown 
better performance in yield and having a range of 14.37-16.00, 15.12 
17.01 and 15.00-16.90 g yield per plant, respectively. 
All these mutants isolated for higher plant yield have 
also shown higher values for the number of fertile branches and 
pods per plant as compared to the control. Coefficient of variation 
(phenotypic and genotypic), heritability and the genetic advance for 
the number of fertile branches, number of pods and the total plant 
yield also recorded to be higher in all the mutants. 
4.5. Seed protein content 
The mean, range and coefficient of variation for seed 
protein content of the mutants isolated in M3 generation is given in 
Table 40. Various mutants isolated from the two varieties of the 
mungbean have exhibited considerable range of variation in their total 
seed protein expression. In the mutants viz., Asha-A (0.01% SA), 
K-851-B (0.01% SA) and K-851-C (0.01% HZ) the mean protein 
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content was lower than the controls, whereas the protein level of 
Asha-B (0.2% EMS), K-851 -A (0.1 % EMS) and K-851 -D (0.02%HZ) 
increased over the controls. 
Mutants K-851 -A has the highest mean value for the protein 
contents (28.54%), followed by Asha-B (27.78%) and K-851 -D (27.72%). 
It is further observed that wherever there is a 
pronounced increase in protein content, there is a corresponding 
decrease in the variability, indicating that no further improvement in 
seed protein is possible. 
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Chapter-5 
DISCUSSION 
5.1. Induced mutagenesis 
When there is complete exploitation of genetice 
variation by means of selection of better genotypes from the mixed 
growing population which resulted total consumption of genetic 
variability. At this juncture induction of mutation is of great value. 
Induced mutagenesis has become an important and recent tool for the 
induction of genetic variability at a broad scale for the improvement 
of the crop plants. The enhancement of mutation frequency and the 
alteration of the mutation spectrum in a predictable manner are the 
two very important aspect of mutation research. Increase in the 
number of different mutation genes over a certain threshold, essentially 
needs an intensive research for new mutagens as well as refined 
methods and treatment conditions which may give least 
deleterious effects. 
The basic information on mutagenic sensitivity, 
efficiency of mutagens, required to maximise mutation induction , 
is essential for success in any mutation breeding programme; 
leading to crop improvement. 
5.2. Biological damage 
Mutagenic sensitivity is an important aspect of 
artificial induction of mutations. Species differ with respect 
to their sensitivity to the action of different physical as well as 
chemical mutagens. 
Mutagenic sensitivity is known to be influenced 
by variety of important factors such as: properties of biological 
system; physical and chemical properties of the mutagen; 
concentrat ion of the mutagen; duration of the t rea tment ; 
temperature during treatment; pH of mutagenic solution (hydrogen 
ion concentration); pre- and post-treatment conditions. Different 
parameters such as seed germination, seedling growth depression, 
survival at maturity, frequency of chimeric plants, chromosomes 
aberration at meiosis, pollen and seed sterility in M, generation, 
spectrum of chlorophyll and viable mutations frequencies in 
M^ generation are generally used to study mutagenic sensitivity. 
In the present study, the mutagenic sensitivity has been 
assessed by measuring the effects of mutagenic treatments in terms 
of seed germination, seedling height, plant survival at maturity, 
pollen sterility and chromosomal aberrations at meiosis by raising 
the population to two varieties viz., Asha and K-851 of mungbean 
w ith three different chemical mutagens. 
It was observed during mutagenic studies that EMS, 
SA and HZ bring about a reduction in seed germination, seedling 
height, pollen fertility and survival at maturity. Such reductions 
were found to be dose dependent. 
Earlier studies of Hsieh (1959), Yamaguchi (1964), 
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Blixt (1964), Miah et a/. (1966), Khan (1990) and Khan et ai 
(1994), have shown linear relationship between the dose of the 
mutagen applied and above mentioned parameters except plant 
survival at maturity. In the present investigation a dose dependent 
decrease in the plant survival was noticed. Such results are in 
conformity with the reports made bylgnacimuthu and Babu (1988) 
in urd and mungbeans. Similar results were also reported in Vigna 
ra^/a/a(Subramanian, 1980); in Vicia faba (Sjodin, 1962) and 
in Lens culinaris (Sinha and Godward,1972). 
Seed germination in mungbean decreased with the 
increasing concentrations of the mutagens but the extent of 
decrease in germination differed in the different mutagenic 
treatments. Seed gemination is found to be affected more adversely 
in different concentrations of SA ranging from 0.01-0.04% SA. 
Reduction of seed germination due to SA treatment may be 
to the damage of cell constituents at molecular level. The decrease in the 
germination is generally attributed to inhibitory effects of mutagen on 
physiological and biological processes necessary for seed germination, 
which include altered enzyme activity ( Kurobane et ai, 1979), and 
hormonal imbalance (Chrispeels and Varner, 1967). 
It is of the general opinion that the effects of 
small mutagenic treatment/duration may cause breaking the 
period of dormancy and higher mutagenic level may damage 
DNA, and the cell may require longer time to repair the 
damage caused thereby delaying DNA synthesis and resulting 
in inhibi t ion in seed germination. Seed germination 
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was delayed by more that two days in the lots treated with higher 
concentrations of all the three mutagens in both the varieties. Dis-
turbances at physiological and cytological level might have led to 
the retardation or total arrest of somatic division which in turn is 
liable to cause delay in coming up of the radicle and plumule and 
there by making delay in germination at higher dose level of 
mutagens. 
The percentage of plant survival had shown decreasing 
trend with increased mutagenic treatment applied.The survival of 
the seedling depends upon the normal physiochemical balance of the 
cell metabolism. The mutagens are capable of creating chromosomal 
and extra chromosomal abnormalities. Theseabnormalities were 
found to increase with increase of dose of the mutagens and so was 
the inverse relationship of percentage of survival. Such a negative 
correlation between the mutagenic dose and seedling survival was 
also reported earlier in rye (Reddy et al.^ 1993), rice (Awan et ai, 
1980 ; Rao and Reddi, 1986) and pearl millet (Singh etal., 1978). 
Sjodin (1962) considered that the embryonal damage due to mutagen 
became apparent at later stages of ontagenesis. 
The mean seedling height decreased with the increase 
in the concentration of the mutagens, in root and shoot length of 
mungbean plants. Similar results were reported earlier in different 
crop plants such as H.vulgare (Konzak et al, 1961), T.aestivum 
(Scarascias et a/., 1961) and Brassica napus (Folwer and Stefansson, 
1972) and in Vigna radiata (Khan, 1990). 
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Various workers have attempted to explain the 
phenomenon of the reduced seedling growth. Reduction of 
seedling growth was attributed to inhibition or change in enzyme 
activity Blinks,(1952), impaired mitosis in the meristematic 
zone of the growing seedlings (Cherry and Hageman, 1961) 
and gross injury caused at cellular level either due to gene 
controlled biochemical process or acute chromosomal 
aberrations (Narayana and Konzak, 1969). 
Many other workers believe that change in auxin level 
in a plant are basically responsible for the reduced growth. Halvey 
and Shoub (1965), Gupta and Samata (1967) and Goud and 
Nayar (1968) demonstrated that seedling growth depression 
basically may be due to inhibition of auxin synthesis. Skoog (1955), 
Haskins and Chapman (1956) and Cherry et al. (1962) suggested 
that the changes occurring in the specific activity of several enzymes 
by treatments of different mutagens have a considerable adverse effect 
on growth rate. Whatever be the causes of the reduced seedling height, 
the facts remain that the chromosomes carrying various genes 
responsible for life process and expression are one of the most 
sensitive organs, and damage to any part of these vital and tiny organs 
is bound to go a long way to bring about various physiological and 
metabolic disorders which in turn will bring about several 
morphological and growth abnormalities in plant or plant organs. 
hi the current study the cotyledonar\' leaf abnormalities 
such as mono-, tri- and tetracotyledons were observed in both the 
varieties of the mungbean are the common effects of mutagens, 
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confirming the results obtained in various crops by several workers 
such as on rice ( Vamagata, 1966; Bose andChowdhury, 1968), 
sorghum (Ramulu, 1970), lentil (Sharma and Kant, 1975) and 
mungbean (Chaturvedi and Singh, 1981). 
Inhibition of ATP production, reduction in DNA 
synthesis and mitotic index due to chemical mutagens, as reported by 
Kleinhofs ei fl/.(1978), may also be partly responsible for 
seedling injury. Napp-Zinn (1955) held a similar view that the growth, 
harmone in the treated materials mainly, may be responsible for these 
cotyledonary abnormalities, beside the other factors. 
The presence of single cotyledonary leaf in some 
seedlings may be due to either cytochemical disturbances or to the acute 
chromosomal aberrat ions leading to the death of leaf 
primordia or of the embryonal cells responsible for leaf development. 
The formation of an extra cotyledonary leaf, on the other hand, 
indicates the formation and involvements of additional leaf primordia 
or the embryonal cell. 
Leaf abnormalities such as mono-, tetra-, and pentafoliate 
was among the most common abnormalities noticed in almost all the 
treatments of EMS and HZ in the present investigation. Previously, 
the cause for these abnormalities were attributed to the mutagenic 
treatments to different crop plants such as Brassica napus (Fowler 
and Stefansson, 1972), Vigna sinensis {Kzm Mohan, 1979; Sadashiva 
Reddy ^/fl/., 1984), l^^/ia ww/i^<?(Apparao and Jana, 1976),and 
Vigna rflrf/flrfl(Chaturvedi and Singh, 1978; Chandra etai.,\91S; 
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Grover and Virk,1984). 
Factors held responsible for the induction of leaf 
abnormalities are not clearly well known. But Rao (1972) reported that 
the leaf abnormalities were due to several environmental factors 
such as fertility of soil, availability of water and degree of 
luxuriance during growth. However, Hagen and Gunkel (1958) 
found that concomitant with the occurrence of leaf anomalies, the 
free amino acid content of the leaves increased. Blixt (1972) state 
that leaf aberration seemed to be closely related to the actual mu-
tation process and these are most easily induced in leguminous 
plants. The altered metabolism as a result of cellular damage may 
also be one of the reason for leaf abnormalities. 
An immediate consequence of the various aberrations 
in pollen mother cells due to mutagens could be discerned in the 
microspores in the form of the pollen sterility. The pollen sterility 
count is a better way and a dependable parameter to find out the 
mutagenic effects in M, generation. 
In the present state of study, varying degree of pollen 
sterility has been observed in different concentrations of the 
mutagens, whereas approximately same 3-4 percent pollen sterility 
also occurred in control is expected due to the environmental 
effect. The order of the amount of pollen sterility induced by the 
three mutagens in EMS, HZ and SA. Since SA does not induce 
chromosomal aberrations, its effect on pollen sterility could be 
attributed to gene mutations expressed as genetic or zygotic lethality. 
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High pollen sterilityis EMS and HZ treatments indicating that these 
two chemical mutagens invite a high degree of meiotic abnormalities. 
Dose dependent increase in pollen sterility and a positive and 
significant correlation between chromosomal abnormality and 
pollen sterility was reported earlier (Kallo and Das, 1971; Sinha and 
Godward, 1972; Nerker, 1977; Ignacimuthu and 
Sakthivel,1989). 
The chromosomal mutations probably are the main 
source for all mutagens induced sterility. Sato and Gaul (1967) 
attributed that low frequency of translocation or cryptic 
chromosome deletions were mainly responsible for the observed 
sterility. Das (1957) stressed that in addition to chromosomal 
aberrations, some genetic and physiological changes might have 
caused sterility. The pollen sterility might have resulted owing to the 
cumulative effects of all the abnormalities caused by mutagenesis 
at identical stage of development. The percentage of pollen sterility 
was relatively much less in M^ generation than in M,, indicating 
that some sort of recovery mechanism must be operating in the 
intervening period. Similar observations were also made by Katiyar 
(1978) on Capsicum. 
5.3. Meiotic Studies 
The degree of chromosomal aberrations either in 
mitosis or meiosis is considered as one of the most reliable index for 
estimating the effects of the mutagen .In the present study, 
irrespective of the type of the mutagenic treatment and genotype, mean 
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value of various meiotic abnormalities in percent such as 
univalents, trivalents, multivalents, laggards, bridges and micro-
nuclei were increased and this increase was dose dependent. Dose 
dependent increase in meiotic abnormalities were observed in both 
the varieties viz., Asha and K-851 of mungbean with EMS and HZ 
treatments. Earlier dose dependent increase in meiotic abnormali-
ties were recorded in mungbean ( Ignacimuthu and Babu, 
1989a), in field pea (Scumpu and lonscu ,1968), iin cereals 
(Swaminathan et al., 1962 ; Reddy et al,. 1991). 
The meiotic spectrum of chromosomal abnormalities 
is broad during diakinesis, metaphase and of the different kinds of 
meiotic abnormalities, a high proportion of them belongs to 
univalents. The occurrence of univalents may be the result in 
non-pairing of homologous chromosome. Reduction in chromosomes 
pairing has been attributed to mutations in the genes governing 
homologous chromosome pairing and/or chromosomal structural 
changes (GottschalkandVillalobos-Pietrini, 1965; Achariaand Sinha, 
1975; Reddy et al., 1991). Similarly the occurrences of trivalents and 
multivalents is in accordance with similar observations reported in 
Vigna radiata (Grover and Tejpaul, 1982). They showed that 
mutagenesis resulted in alterations leading to the rearrangement of 
chromosomes. 
Besides univalents and multivalents, chromosomal 
abnormalities such as laggards, bridges and micronuclei were also 
observed. The presence of laggards, bridges and micronuclei 
suggests that fragmentation and rejoining of broken ends of the 
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chromosomes are the resuh of chemo-mutagens. The occurrence 
of laggards and bridges at Anaphase and Telophase stages as 
observed in present investigation could be due to delayed 
terminalization, stickiness of chromosome ends or because of 
abnormal chromosomal movements (Sax, 1940 ). 
Bhattacharya (1974) attributed the formation of 
laggards to chromosomes spindle interaction.The fomiation of chromatin 
bridges following mutagenic treatments had also been reported by 
Ghatnekar (1964) in Viciafaba, Shaikh and Godward (1972) in 
Laihyrus sativus and Vicia spp., Jayabalan and Rao (1987) in 
Lycopersicum esculentum, Soheir et al. (1989) in Allium cepa. 
5.4. Chlorophyll mutations frequency and spectrum 
In mutagenic studies, the most common spontaneous 
or induced alterations arising in higher plants are the chlorophyll 
mutations which are mainly gene mutations effecting the green 
coloration of photosynthetically active parts. The chlorophyll 
mutation frequency in M^ generation is useful for evaluating the 
genetic effects of mutagenic treatments. 
A higher frequency of chlorophyll mutations in 
legumes following chemical mutagen when compared with radiation 
treatment (Monti, 1968). A comparison of chlorophyll mutationsindicates 
that the frequency of chlorophyll mutations recorded in M^generation 
was dose dependent. Similar dose dependent increase in the chlorophyll 
mutations frequency was reported by Gaul (1964) in barley, Blixt etal. 
(1966) in peas, Nerker (1976) in Laihyrus sativus, Ignacimuthu 
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and Babu (1988) and Khan and Siddiqui (1993a) in mungbean. 
Gaul (1961b) attributed the higher mutation frequency at higher 
mutagenic level to the reduction in the size of mutated sector. 
A total of six types of chlorophyll mutants namely, Albina, 
Xantha, Chlorina, maculata, viridis and virescent were recorded in M^ 
generation in both the varieties of mungbean studied. Variation in 
chlorophyll mutation spectrum and frequency within and between 
the varieties were observed.The presence or absence of some 
chlorophyll mutants in some mutagenic treatments was most prob-
ably due to differences in the availability of mutagenic loci for the 
mutagen. The mutagenic specificity has been explained in terms 
of the concept of selection sieves (Auerbach, 1967) or that the 
active genes are more accessible to certain mutagens than repress-
ible or inactive genes. Such a conclusion gets supports from the 
earlier report that at least 250-300 loci for chlorophyll synthesis exists 
in barley (Nilan et al., 1964). 
Occurrence of wider spectrum and high frequency of 
chlorophyll mutations at higher mutagenic level is perhaps due to the 
fact that at higher mutagenic level both chromosome damage and 
somatic selection do not reach an optimum level (Campbell, 1966). 
The present investigation revealed that EMS induced 
the highest frequency of chlorophyll mutants in both the varieties 
of mungbean. Higher frequency of chlorophyll mutants in EMS 
over HZ and SA treatments could be explained on the basis of 
preferential action of EMS on chlorophyll development genes 
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located near centromere (Swaminathan et al., 1962) and/or 
preferential effect of EMS on Guanine in the G:C rich 
chloroplast genome ( Lawley and Brooks, 1961). 
5.5. Mutagenic effectiveness and efficiency 
Proper selection of effective and efficient mutagen is 
very essential to recover high frequency of desirable mutations. 
Chlorophyll mutations are used to evaluate various mutagenic 
parameters of a mutagen because of their easy detectibility and 
frequent appearance following mutagenic treatments. In the 
present investigation, vast differences can be noticed amongst 
the value of mutagenic effectiveness and efficiency in various 
mutagenic treatments in both the varieties of mungbean. This 
may be attributed to considerable differences in the genetic 
make-up. Effectiveness and efficiency are two different 
properties of mutagen; a highly effective mutagen may not 
necessarily show high efficiency and vice-versa. Mutagenic 
sensitivity depends on the particular genotype, while mutagenic 
effectiveness and efficiency depend on mutagenic sensitivity, 
which in turn, is influenced by the kind and dose of mutagen 
used. 
Blixt(1964), Monti (1968), Siddiq and Swaminathan 
(1968a), Nerker (1977) and Khan and Siddiqui (1992b) studied the 
effectiveness and efficiency of various mutagens and concluded that 
most potent group of alkylating agents are more effective and 
efficient in inducing mutations as compared to other groups. 
Siddiq and Swaminathan (1968b), Prasad (1972) and Farooq 
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and Nizam (1978) reported that the lower doses of mutagens 
were more efficient and effective as compared to the higher 
doses. 
In the present investigation, the order of the mutagenic 
effectiveness as determined on the basis of mutated plant progenies 
was HZ, SA and EMS. All the three chemical mutagens were formed 
to be effective at lower concentrations. Decline in mutagenic 
effectiveness at higher mutagenic levels suggest that the mutation 
rate per unit mutagenic level reached the saturation point. Similar 
results were obtained by Gupta and Yashvir (1975) for Setaria 
italica, by Nerker (1977) for Lathyrus sativus, by Singh and 
Chaturvedi (1980) and Khan and Siddiqui (1992b) for Vigna 
radiata. 
The mutagenic efficiency indicates the extent of 
genetic damage recorded in M, generation in relation to the 
biological damage caused in Mj generation. Mutagenic efficiency 
varied with the M^ parameters taken for consideration and calculation. For 
example, with reference to seedling injur>; it was HZ > EMS > SA in the 
var. Asha and EMS > HZ > SA in the var. K- 851. The order of efficiency on 
pollen sterility was EMS >HZ > SA and on the basis of meiotic 
abnormalities , the order of efficiency was EMS followed by HZ. In 
general, the lowest efficiency was recorded in SA and the highest in 
EMS, HZ being intermeditate The results indicate that the efficiency 
calculated on the basis of seedling injur\' was quite higher as com-
pared with that based on pollen sterilit>'.These results are not in agree-
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ment with the findings of Gaul ei fl/.(1962) in barley, and Khan and 
Siddiqui (1992b) in mungbean, who observed that the mutagenic 
efficiency calculated on the basis of pollen sterility was higher as 
compared with that based on seedling injury. As reported by Ramulu 
(1970), Sharma (1977), Nerker (1977) and Khan and Siddiqui 
(1992b) the mutagenic efficiency decreased with increasing dose of 
all three mutagens use in our study also. The greater efficiency 
at lower doses is because the biological damage generally 
increase with the enhancement in the dose at a higher rate than 
the mutations yielded in M^ at the same dose (Konzak et al,^ 
1965). This can be taken as an established fact for almost all 
situations. 
5.6. Morphological mutants frequency and spectrum 
Several morphological mutants, exhibiting change in their 
morphological features, were isolated on the screening of M^ popula-
tion. These mutants differ from control and also among themselves in 
height, (including dwarf, semi-dwarf, prostrate and tall) growth and flow-
ering habits. The frequency and spectrum of morphological mutants 
differed in different mutagenic treatments and also among both the 
varieties. The frequency and spectrum of such mutants were highest 
in EMS treatments followed by HZ and SA. The result clearly indicates 
that the mumber of genes available for each mutagen were different. 
Thakur and Sethi (1995) in barley, observed that the frequency of 
morphological mutants were 2-3 times more in chemical mutagenic 
treatments than physical mutagenic treatments. Similarly, Gaul (1964) 
in barley also observed that EMS produced more number of various 
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morphological mutants than gamma-rays. 
In the present investigation, among the two mungbean 
genotypes, K-851 produced slightly more frequency of morphological 
mutants (5.44%) and was followed by var. Asha (4.90%).The difference 
in the frequency and spectrum of morphological mutants among the 
two varieties of mungbean suggests that the genetic make-up of an 
organism is one of the potent factors in determining genotypic 
differences towards the mutagen. In the var. Asha of mungbean, the 
frequency of morphological mutants were higher than that of the 
frequency of the chlorophyll mutations. This suggests that in the 
var. Asha, genes responsible for morphological variations are more 
sensitive than genes responsible for chlorophyll development. Among 
the ten different types of morphological mutants, in both the 
varieties of mungbean, the tall mutant, prostrate, late flowering and 
dwarf were common and found in high frequency as compared to 
others. 
The difference in the spectra of morphological mutations 
could be due to the differential sensitivity of the mutant alleles 
responsible for various morphological characters. 
The segregation pattern and breeding behaviour of these 
mutants were not tested in M3 generation. Because various investigators 
suggested that such mutants might be either a result of pleiotrophic 
effects of mutated genes or a cryptic chromosomal deletion. Many 
such morphological mutants have been extensively studied in 
different crop plants such as Phaseoliis vulgaris (Marghitu, 1972), 
Pisum sativum ( Blixt, 1972), Cajanus cajan (Chary and Bhalia, 
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1988), Phaseolus mungo (Jana, 1962) and Vigna spp. (Subra-
manian, 1980). It is commonly known that nearly all the mutated 
genes show a negative selection value. According to Gottschalk (1987), 
an agronomically useful trait is part of a pleiotrophic pattern, so it can 
not be used for breeding purposes in those cases where a negative 
trait belongs to the same pattern. The isolated morphological 
mutants in the present study exhibited negative selection value; these 
might be useful to modern plant breeders, as a source, of many 
beneficial genes, in combination breeding programmes. However, a few 
mutants can be improved through selection by eliminating some of 
the undesirable characters. 
5.7. Quantitative trait variations 
In contrast to many reports(Lal, 1975; Sharma, 1977; 
Sahu and Kumar, 1978; Khan, 1979; Mallikarjunaradhya and 
Channabregowda, 1981) no appreciable change was noticed in the 
mean value for quantitative characters in Mj generation. This was 
because in our study, macromutational variants were excluded from 
the assessment of means in M, and data were recorded on normal 
looking plants only. 
The nature and extent of variation brought about on 
yield and yield contributing characters in mungbean, will be of 
applied value for improving the scope of selection and also for screening 
any useful mutants. Study of the direction of shift in the mean value 
of a quantitative trait is important for ascertaining whether mutation 
breeding can be restored for the improvement of the character under 
reference. If the mean value shifted in the desired direction, there is 
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scope for making genetic advance by selection and thus improving 
the characters. 
In the current study, data on eight quantitative characters, 
viz., days to flowering, plant height, days to maturity, number of 
fertile branches, number of pods/plant, number of seeds/plant, 
100 seed weight and total plant yield were analysed quantitatively in 
order to assess the extent of induced variability in M^ and M, 
generations of the two varieties of mungbean. Although mean shifted 
on either side of the control mean, most of it represent towards the 
positive side in the case of number of fertile branches, number of pods, 
number of seeds/pod, 100 seed weight and plant yield. According to 
Brock (1970) the theoretical expectations of inducing mutation in a 
quantitative inherited trait depends upon the total number of genes 
involved in the relative proportion of genes with positive and negative 
effects and the degree to which the parental genome operates as a 
balanced set. 
Bhatia and Swaminathan (1962) attributed such decrease 
in mean values for various polygenic characters to the incidence 
of deterimental mutations in higher frequencies. Earlier studies on 
mutation breeding in crop plants such as soybean (Papa et ai, 
1961), oats (Griffiths and Johnson, 1962), wheat (Swaminathan, 
1963; ), barley (Gaul, 1967) and rice (Jana and Roy, 1973) brought 
out a reduction in mean values for plant yield when compared to the 
control, although Tickoo and Jain (1979), Chaturvedi and Singh 
(1980) and Khan and Siddiqui (1992a) found positive mean shift 
in mungbean. The present results and the above reports, therefore. 
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suggests the random nature of mutations. The mean normally shifts 
due to the mutagenic treatments in a direction opposite to that in 
which selection was exercised during breeding (Bateman, 1959). 
The present observation also supports this hypothesis. Brock (1965 
and 1970) proposed a general hypothesis for the behaviour of 
induced mutations in quantitatively inherited traits, according to which 
random mutations are expected to increase the variance and shift the 
mean away from the direction of previous selection history. The 
response of unselected character depends not only on its previous 
selection background but also on its genetic association with 
selected characters. Therefore, as per the hypothesis the mutagenic 
treatments are most likely to shift the mean in a negative direction. The 
negative shift in mean values, therefore, may be due to unidirectional 
induction of mutations and /or mutation for harmful effects. The shift 
in the mean in the positive direction for some characters indicate that 
the highest genetic potential for these characters is yet to be realised in 
the two varieties viz., Asha and K-851 of mungbean. Thus there is 
tremendous scope for improvement of these characters by restoring 
to mutation breeding. 
In the present study, the mean performance of the 
quantitative characters, particularly yield and yield components, in 
Mj were superior over the M, mean values. Borojevic (1965), while 
studying the effect of thermal neutrons and gamma rays in Triticum 
vulgare, observed an increase in the M^ means, possibly in consequence 
of the purposefi.il elimination of all mutants which produce abnormal- spike 
morphology and fertility prior to M^ generation. Ramulu (1974) 
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exercised selections for nonnal looking plants in M^  and for grain 
yield in M^  generation; the increase in mean values of the treated 
population in M^  and M^ in comparison with the control mean, might 
be due to the elimination of aberrant plants and also to the genetic nature 
of the changes induced after the mutagenic treatment. Scossiroli et ail(1966) 
reported that irradiation of wheat seeds reduced the mean of the 
quantitative characters in Mj and M., generations, whereas in M^ this 
increased the mean.They concluded that this change was a consequence 
of the elimination of undesirable genes and partly of a recovery from 
a transmitted radiation induced damage independent of chromosomal 
genes. In the present study, the yield and yield components increased in 
M, generation except at higher concentration there was a complete 
positive trend in the mean values in all the treatments given to both 
the varieties of mungbean. A far better performance for yield and 
yield components in M^ generation may be due to the selection of 
nonnal looking plants in M, generation which could lead to elimination 
of the aberrant plants, and also due to the genetic nature of the changes 
induced after the mutagenic treatments. 
Efficient use of induced variability in breeding through 
selection would be possible when the generations in which maximum 
variability is likely to be released is known. Mutagenically induced 
variability for quantitative characters in crop plants is heritable and 
the response to selection is good. This induced variability could be 
instrumental in selection of high yielding mutants in M, generation. The 
quantitative characters studied in the present investigation showed a wide 
range of phenotypic variation. The magnitude of the phenotypic 
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variation, however, does not reveal the relative amounts of heritable 
(genetic) and non-heritable (non-genetic) components, of the variation. 
This was ascertained with the help of some genetic parameters, such 
as genotypic coefficient of variation, heritability and genetic advance 
in per cent of mean. The estimates of genotypic coefficient of 
variation and heritability of various quantitative characters are 
essential (Falconer, 1960; Kaul and Garg,1979) since they 
indicate the degree of stability to the environmental fluctuations and 
the potential transmissibility of a character from parent to offspring 
and form generation to generation. The study of components of 
variance revealed a fact that all the mutagenic treatments used in the 
presents study, have induced a higher genotypic coefficient of variation 
for various polygenic traits and the degree of increase has differed 
with the mutagenic treatment and the character under study. In 
general, EMS treatments induced the maximum genotypic coefficient 
of variation in both the varieties followed by HZ and SA 
treatments. The genotypic coefficient of variation was recorded to 
be higher for yield and yield components in M, generation. The 
difference in the intensity of variation in different plant attributes at 
the same mutagenic level in mutagenic populations are probably due to 
different genes or set of genes governing such characters. Genotypic 
coefficient of variation did not increase with the concentration of the 
mutagen. These findings are in agreement with the results reported 
earlier by (Kasim et al.^ 1977). Lack of a consistent dose response 
relationship may be due to an additional uncontrolled environmental 
variation (Conger et ai, 1966). 
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Heritability is of interest to plant breeder primarily, as 
a measure of the value of selection for particular character and also 
as an index of transmissibility of a character. The yield and yield 
components were found to have a high heritability, however,a character, 
like seeds per pod had comparatively lower heritability estimates but 
in the present study, heritability estimates for yield were high as 
compared to lower heritability for yield, which has generally been 
reported by earlier workers in some other crops, such as pearl-millet 
(Burton, 1951), wheat (Sikka and Jain, 1958), soybeans (Johnson, 
1958) and rice (Kaul and Kumar, 1983). The disparity in results 
could be because heritability is a chief property not only of a character 
but also of the population and the environmental circumstances to which 
the individuals are subjected to. Since the values of heritability 
depends on the magnitude of all the components of variance, a change 
in anyone of these may affect it. The heritability estimates for all 
the quantitative character under study have increased over the 
control except for a few instances where heritability of the treated 
population was lower than the control. The decrease in the heritability 
in some of the treatments indicates that, even though genetic 
variance has increased with the mutagenic treatment, the ratio of its 
increase was not at par with the total phenotypic variance which 
also increased. The data in general, indicates a relatively higher 
estimated heritability for yield and yield components in M^ gen-
eration of the treated population of both the varieties of 
mungbean. Increased heritability in M, over M^ generation 
indicates that selection should be made in M, generation. 
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Genetic advance is indicative of the expected genetic 
progress for a particular trait under suitable selection procedure 
(Kaui, 1980b) and consequently carries much significance in 
self-pollinated crops.The estimated values of genetic advance, in 
percentage of mean, differed in different mutagenic treatments and 
also from one variety to another. In general, EMS treatments gave 
the maximum values of genetic advance as compared to the other 
two mutagens. The characters viz., days to flowering, plant height, 
days to maturity and seeds per pod showed comparatively lower 
values of genetic advance than other characters such as number of 
fertile branches, number of pods, 100 seed weight and seed yield 
per plant.The above yield and yield components possessed a high 
heritability along with a high genetic advance.The character possessing a 
high heritability along with a high genetic advance are more responsive 
to the effective selection and improvement. Results about yield and 
yield components are quite encouraging since they possess sufficiently 
high value of heritability and genetic advance. According to Panse (1957), 
if heritability is mainly due to the non-additive genetic effects 
(dominance and epistasis), the genetic gain would be low, while in 
other cases, where the heritability is chiefly due to the additive gene 
effects, a high genetic advance may be expected. 
5.8. Productive mutants 
The vital role of mutagens in inducing both micro and 
macro mutations in several crops is well established and hence 
mutation breeding is gaining considerable range of interest. Success 
in selecting a desirable plant type depends upon the genetic variability 
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in the base population, and mutation breeding offers the unique 
possibility of creation of new germplasm for crop improvement 
(Brock, 1977; Konzak, 1987). In the present study, a wide range 
of variability was observed for the number of fertile branches, number 
of pods and seed yield per plant of the mutants isolated in M^ 
generation. A glance at the data indicates that the mean values of 
these characters increased significantly in different mutant lines in 
comparison to the control. Selection for number of fertile branches, 
number of pods and seed yield per plant inM^ generation were found 
to be effective in mutants Asha-A (0.01% SA). Asha-B (0.2% EMS), 
K-851-A (0.1% EMS), K851-B (0.01% SA), K-851-C (0.01% HZ) and 
K-851-D (0.01%% HZ) as it is evident from the increased values 
of genetic parameters. All these three characters showed considerable 
increase in the values of genotypic coefficient of variation, heritability 
and genetic advance, indicating that these characters can be 
transmitted to future generations and further improvement of these 
quantitative characters in possible in subsequent generations. Frey 
(1969) reported that the mutagen derived variability for quantitative 
characters in crop plant is heritable and that the response to selection 
is good. 
5.9. Seed protein content 
In the present study a comparison was made between 
high yielding mutants isolated in M^ generation and control for 
quantitative alterations in total seed protein content due to 
chemo-mutagenesis. The increase in the mean protein content in some 
of the treatments (0.2% EMS- Asha-B; 0.1% EMS- K-851-A, 0.02% 
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HZ- K-851-D) and decrease in others (0.01%SA- Asha-A; 
0.01% SA- K-851-B, 0.01%HZ- K-851-C) suggests that mutants with 
positive and negative effects were induced in different proportions 
with various treatments. Negative correlation between total seed 
protein and yield has been reported in legumes (Johnson, 1955b; 
Kaul and Matta, 1976; Imam, 1979). Protein content is known to 
be influenced by various endogenous and exogenous factors such 
as stem height, leaf area, time of maturation, seed size, seed number, 
temperature, water stress and nitrogen feeding levels (Gottschalk 
and Wolff, 1983b). Blixt (1979) reported increase in protein content in 
induced mutations. It was observed that whenever there is increase 
in protein content, there is corresponding decrease in the variability, 
indicating that no further improvement in seed protein is possible. 
These results are in agreement with the earlier findings of Prasad et 
al. (1986) in Phaseolus vulgaris. 
The protein production in plants is influenced by the 
interactions of gene(s). Variation in total seed protein in high yielding 
mutants and their respective controls might be attributed to change 
in environmental factors beyond our control as the experiments 
conducted in field conditions. The magnitude of variation in response 
to change in the environment may be the consequence of genotypic 
architecture of the varieties. 
In brief, the results reveal that the lower concentrations 
of the mutagens used in the present study were found to be more 
effective and efficient in increasing mean values for yield and yield 
components, compared to the higher concentrations. The present 
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Study also points out that mutagenesis could be employed to induce 
the quantitative changes in the genetic architecture. Thus, the induced 
genetic variability can effectively be exploited for the improvement 
of the crop plants particularly mungbean. 
CHAPTER - 6 
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S U M M A R Y 
The present study was undertaken by using three 
different chemical mutagens viz., ethyhnethane sulphonate (EMS), 
Sodium azide (SA) and hydrazine hydrate (HZ) on mungbean 
{Vigna radiata (L.) wilczek ) . The chief objective of this study 
was to explore the possibility of inducing genetic variability for 
eight quantitative characters in the two varieties namely, Asha and 
K-851 of mungbean. Various other aspects of this current study 
were: (1) biological damage in M, generation ; (2) meiotic studies ; 
(3) effectiveness and efficiency of the mutagens ; (4) chlorophyll 
and morphological mutation frequency and spectrum (5) estimation of 
mean and genetic parameters in M, and M3 generations and (6) 
total seed protein content of high yielding mutants isolated in M3 
generation. 
Biological damage in M, generation increases as the 
seed germination, seedling height and pollen fertility decreases with 
the increase in concentrations of the mutagens doses. Chromosomal 
aberration like univalents ,trivalents, multivalents, bridges laggards and 
micronuclei are induced by mutagenic treatments . In M, generation of 
both the varieties of mungbean , there is a dose dependency in the 
frequency of different types of meiotic abnormalities,is exhibited 
by both the mungbean varieties. 
Morphological investigation of M, plants exhibit 
anomalies occur in cotyledonary and vegetative leaves; and their 
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frequency was greater at the higher concentrations of mutagens in 
both the varieties . In general , SA treatments failed to produce 
anomaly in the cotyledonary and vegetative leaves in both the 
varieties. 
A wide spectrum of chlorophyll mutants was 
obtained in M, generation . The frequency of chlorophyll 
mutations was dose dependent and increased with the 
mutagen concentrations. EMS treatments induced the highest 
frequency of chlorophyll mutations. This was followed by HZ and 
SA in both the varieties. 
The mutagenic effectiveness as measured by the 
percentage of mutated plant progenies divided by the unit dose of the 
mutagen was higlier at lower doses of the mutagens . HZ was found to be 
most effective and the order of the mutagens based upon effectiveness was 
HZ > SA > EMS.The mutagenic efficiency worked out on the basis of 
seedling injury (Mp/I), pollen sterility (Mp/S) and meiotic abnormalities 
(Mp/Me) , showed a declining trend with the increasing concentrations 
of mutagens . The EMS treatments were found to be more 
efficient in comparison to the others mutagens (SA and HZ) in 
both the varieties . 
A broad range of morphological mutants, exhibiting 
altered morphological features , were identified in M^ populations. 
The highest frequency was noted in the EMS treated population and 
lowest with SA, while HZ treatments were intemiediate. Compared to var. 
Asha the range of such mutants was highest in the var. K-851. 
Morphological mutants, showed a negative selection value. However, a few 
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of them can be improved through selection by eliminating some of the 
undesirable characters. 
Tlie genetic variability induced by tliree chemical mutagens 
for eight quantitative characters was studied in each generation. The 
quantitative parameters studied were, days to flowering , plant height 
(cm), days to maturity , number of fertile branches, number of pods per 
plant, seeds per pod ,100 seed weight (g) and total plant yield (g). Means 
for all the eight quantitative characters in Mj generation remained 
unchanged in the treated populations. The coefficient of variation (CV) 
differed from character to character and high CV over control was 
recorded for fertile branches per plant (55.28 %) and pods per plant 
(46.88 %). The mean number of fertile branches, number of pods, seeds 
per pod, 100 seed weiglit (g) and total yield of the plant increased in all 
the mutagenic treatments with few exceptions. Tlie exceptions occurred in 
M, generation, whereas M^  generation showed a complete positive shift. 
The genotypic coefficient of variation, heritability 
(broad-sense) and the genetic advance (as percentage of mean) 
increased in the treated populations. The genetic parameters were dose 
independent and varied from trait to trait in M, and M^  generations. High 
heritability estimates coupled with higli genetic advance occurred for yield 
and yield components. Estimates of heritability and genetic advance 
suggest that the induced polygenic variability can be utilized in plant 
improvement programmes. 
Certain mutants, much superior to the others in their per-
fomiance for seed yield per plant, were evaluated in order to find out their 
selection response in M^  generation. Increase in the mean values of yield 
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and yield components was noticed. Estimates of the genetic parameters 
for yield and yield components were also recorded to be higher, 
suggesting the scope for further selection. 
The M3 seeds of high yielding mutants were also 
analysed for total seed protein content. Various mutants isolated from 
the two varieties of the mungbean have exibited considerable range of 
variation in their toatal seed protein content. The increase in the mean 
protein content in some treatments and decrease in others suggest that 
mutants with positive and negative effects were induced in different 
proportions with various treatments. 
At the end it can be concluded from the present study, 
that the lower concentrations of the mutagens are more effective and 
efficient in inducing polygenic variability in the two varieties of 
mungbean than the higher doses; the latter induced high genetic damage 
via genotoxicity and lethality. 
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Reagent A:-
2% Sodium carbonate in O.IN NaOH 
(1:1) ratio. 
Reagent B> 
0.5% CuSO, in 1% Sodium tartarate 
4 
(1:1) ratio. 
Reagent C:-
Alkaline CuSO, in solution 
obtained by mixing 50 ml of reagentA 
with 1 ml of reagent B. 
Reagent D:-
Carbonate copper sulphate solution 
same as C except for omission of 
NaOH. 
Reagent E:-
Folin Phenol reagent 
Reagent F:-
IN NaOH 
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Plate-I. Seedlings of control and treated population of 
mungbean with varied number of cotyledonary 
leaves. 
Fig. 1. Seedling with normal pair of leaf (control) 
Fig. 2. Seedling with one cotyledonary leaf 
Fig 3. Seedling with an extra cotyledonary leaf 
Fig.4. Seedling with an extra pair of cotyle-
donary leaves. 
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I Plate-Ill. Meiotic abnormalities in the treated population of 
mungbean. 
Figl. Ring and rod bivalents at Metaphasel. 
f Fig.2. Anaphase! showing laggard 
Fig. 3. Anaphasel with bridge. 
Fig.4. Telophasel with laggard. 
Fig. 5 Telophasell with chromatin bridges with 
i three daughter nuclei and a laggard, also 
showing disorientation of daughter nuclei. 
i Fig.6. Telophasell with laggards. 
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Plate-IV. Morphological mutants. 
Fig. 1. Non-flowering vegetative mutant. 
Fig.2. Lobed leaf mutant. 
Fig.3. Tall mutant. 
Fig.4. Bushy mutant. 
Fig. 5. Dwarf mutant. 

Plate-V. Control plant and high yielding mutants. 
Fig. 1-4.Control plant (var. k-851) and mutants 
isolated inM^ generation from various 
treatments (Fig.2. 0.1% EMS, Fig.3.0.01% 
SA, Fig.4. 0.02% HZ) ofthe mutagens 
PLATE-V 
Plate-VI. Control plant and high yielding mutants. 
Fig. 1-4. Control plant (var Asha) and mutants 
isolated inM^generation from various 
treatments (Fig.2 0.2% EMS, Fig.3. 
0.01% SA, Fig.4. 0.02% HZ) of the 
mutagens 
PLATE-VI 
